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PREFACE. 


Thq great advance \7hich has been.made dariqg recent years 
fts the reSuH the application of science to industry has served. 
to emphasiae the fact that all manufacturing’ operatmne are based 
upon either chemical , or mechanical principles. Technology is ^ 
only another name for applied ecience, and it has thus beoon^ 
neoesaary to distinguish between chemical and ^mechanical 
technology. Chemical technology has been recognised as a 
separate branch of applied science for many years past» and the^ 
term conveys a distinct meaning which ia now w^U understood. 
Mechanical technology, on the other hand, has ecaybely yet come 
to lib regarded as worthy of treatment on scientific lines. 
Although there are many excellent treatises on tha;*vafior!8 
branches of.thS subject, they are for the mos^part too highly 
BpeciaLised for general use, being idien^ed for the exper| cnr 
craftsman. Hence it seemed des^ble to bring toge^h^r ip one 
^plume a connected and systematise account of the chief ofKrations 
nnderlyiqg mechanical trades and handiLrafts. , 
tt is ^lieVed that a study of the subject will he found of 
idvantage to the majority of workers in the meciSanical and 
|llied industries. It should also prove to students and* 

ijpprentices, Isut it is not to be expected thift any descdption of 
fforkshop and procesdes osn possibly take the place of 
ictual experience in their use. But it is a fa6t ttu^ when going; 
throu^ t(i6 shops’* young engineers.jjgj^y devote any tim^ to 
the ‘ foundry or smith’s shop, although a knowln^ge *of» t&a 
'perations th^e carried on is of paKunounl mjfiortaooo to the 
^signer and constructor. Scarcely lesd^desirable is an annuaint- 
inoe with the methods of the foiling mill or of the posfdbOiUee 
of stamping, drawing, etc., processes ^bich are ipaoh neglected 
by the majority of engineers. It U hoped \hat the prewni work* 
may forifi a useful guide for begjonere add those limited 
time at their disposal, enabling ^em to aoqnifp some knovleSge 
the leadii^featnfes of th^wprb retarded to. 
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• To flotqe ^tent ^ihe informatloiir contained, in foUovic^ 
pa^ hie been obtained hy visiting worke, and much has been 
gather^ frem'a etndjrrtf the leading technical joarnals, and of the 
prooeedinga of the t^bhical Booieties, of which athhowledgment 
haehopD made tiirpaghont the text* The eiperiepce gained in 
j^the worhehope and laboratories with wbich^the author has been 
connected has been largely drawn upon, and weU4DOwn 

authoritiee.' have rendered valoable assistance. To all "these 
sources, the anj^boris grateful acknowledgments are dne, and are 
hereby tendered. 

a S, CHARNOCK. 
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MECHANICAL TECHNOLOGY 


CHAPTER L 

INTRODUCTION. 

r TEOfiNOLO«Y znaj be defined as bronolf of Jcnowledge, 
ffhicii deals with the prooeeaea and ^parfiLt|^B emplay€d in fiie 
sonverBion of the raw products ofnSure into finished VrtHolea 
ai MtUifcy. 

It will he {pund that the objeat of all manufactuzinK proceeses 
is to bring about a change either Q-) in the internal cinetitatLon 
or dompoeition of the material, or (2) in the external shape or 
appearance. JBenoe, technology may be divided into twg ^eat 
tenches, distinguished as chemical, and (2) meohanical,* 
agoording td ' which of the two methods lOf ^Obn^^sion is 
employed. 

Many^manolacturing proceeses partly ehemioah snti 

^tly meohanioal. Por instance, smeHangg of !r<Hn 

the ore mnst be regarded as a ohemiciti operation, whilst the 
^Hng, forging, casting, machining, etd« to which the^'zzAtal 
is stibaequentiy sfibjeoted, belong distinctly t(f the domain'oJ 
met^ni^ technology. 

It be seen that meohanical technology ^nay be spbijivided 
into sbotUms, each of which is qpdcome^ with the worMng nl 
lODu p^oniar kind of raw mate^, as olvmata], or of^woo^j 
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of soipj textile material, etc/ In eYei;^ oaee, bof- 
•eYdVf i^e same dietingniehlDg^charaoterutio ia obaerved, via*: 
thbtL the external only undergoee alteratioQi the ohemtoal 
oompoutida of the fiiaterial operated upon trefijiaming on- 
dhiUiged, 

Strictly speaktng, mechanical technology emjbracas aU ifiecba- 
nicar trades or handicrafts, for each of which sgnie special 
technical knowledge is required. But there are many^'dimple 
operations, and many tools the use of which is ^common tp 
a number of wide(y differing trades. The subject may there- 
fore be treated in either of two ways. Firstly, as a description of 
methods of manufacture from the raw material to the finished 
product, or secondly, as an explanation of general principles 
underlying the action of machines and processes without reference 
to any particular trade. In all branches of engineering and the 
allied industries, the chief requirement is a knowledge of 
mechanical technology on specialised lines according to the first 
method of treatment, but in the moat aseful arrangement ef the 
pubjecj^ it is desirable to retain as far as possible a sciehtifio 
1 classification of the m^s of production to admit of the general 
^application of the principles involved. 

Articles of utility^ana the various parte of machmes and 
struttu^s are manufactui^d 'from the raw material by taking 
advantage pf some property which such material possesses in a 
markedf degree. Thus, by virtue of the property of plasticity, 
some Bubejancea may be moulded into shape merely by the 
application of external force ae in the manubetnre of pottery, 
and in the case of .metals in stamping, embossings coining, etc. 
llany*’tnaterials, especially when hpated, may reduced from 
qpe form to aaotber by hammering, thus bringing into play Ibe 
property (ft mBileability,^on which the process of forging depends. 
Ag^ne some sulstanceS' .when raised to a high temperature 
jpoBsesasuffici^U fusibility, to admit of beiffg cast into monlds; 
thus gmng rise to thp process of founding. ^Further, there 
are»maiiy manufaotu^g processes which ^epend, upon tl^ 
cutting away ov removal of superfinpns xmteiial by means 
of slmais, saws, ebisolB, driUs, lathe and planer tools, etc. In 
snob cafes it is impertant that the strength, elasticity, hardness 
and toughness of the ipaterid pperated i^wn should receive fall 
eoneideratiotu 
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,-Tha moBti UBeful ireatmiinf ol the Bubjkt Wuld therelAtfi 
appear to ba that which proems alopg lines correBpondipg 
to the aooceesife operations which are lollowed' in the work- 
ehop, comme^ing with the raw material, which id first sub* 
jeoted to proceBsefl of casting, rolling, forphg, et&, ^nd is 
finallj reduced to th^ required form by»cutting or “ inacbining." 
In this wE^r thb subject is naturally divided into four pafts, as 
followl iTT 

L The«preparatioii and properties of the raw material. 

• ^ 

II. The production of castings, by taking advantage of the 

property of fusibility. 

III. The production of bare, plates, forgings, etc., by utiiAin^ 
the properties of malleability and dtictility? 
lY* The finishing of castings, forgings, etc., by machining. 

It is proposed to deal with the first three parts ^ the present 
volume, the fourth being of sufficient itqportance to warrant 
separate treatment. 



PART L 

PBODtrcnON AND PEOPERTlEa 

f 

or.THK Chief Mateuials of Coksteuctiun. 


CHAPTER II. 

fPHTBlGAL. CBEmCAL, HECHIKICAL, ET&, PROPERTIEB 
OF HATERULB, 

The properiiea of ihe varioos raw materials may be .oksajfied 
as (1) (2) chemical, and (8) mechanical. 

* The Phyaloai propertiea izicltide (o) specific gravil^; (b) 
specific heafc; fe) fusibi(^; (d) conductivity for* beat and 
electricity ; and («) laagneti^ propertiea 

(a) Specific ffravity is th^rolio which the weight of a cabie. 
(inch of (he b^y bearsito the weight of a cubic inch%f distilled 
water at Um normal temperature of 60^ F. Ori ipstead of, a 
cubic inch a cubic foot may be taken. Thus, a cubic foot of cast 
iron weighs 452 lbs., and of water 62^425 Iba. The specific gravity 
of casWirm ia then 462 -i- 62*425 =: 7*28, 

*(5) Specific heat is the fhtio w^tch the quantity of heat requi^ 
^ raise 1 the gi^en substance through one degree bears 
to the quantity of hea^ Required to raise the teidil^atare of 
I !b,c ol wajer one degree, < In measuring the quantity (pf heat 
the ami employ€d'l8*the Bp^ish Thermal Unit (B. Th. U.)# which 
is the amount of heat required to raise the temperature of 1 lb.* 
of iRter 1® F. 

* Oi all known shbstanceq, water has the greatest'specific heat. 

To nfise the tempera^re of 1 lb. of water 1** F. requires one 
unit of beat. But it is found that one unit of heat is capable 
of raising the temperature o! 7'7 Iba. of cut iron through F. 
The specifio beat oi'caet ironjs Uierefove 1-0 77 = 0*12 98. 
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'fi iFunbiliQ? u tbe proitot; of becomixig liquid fti hii^tenh 
perafcaraA. In meltingi most wetala and alloys pasB'afe'q^ 
from the v^id the liquid atate. Theie are, Howev9c, a. few 
oiceptione-^-nStably whi& cast iron anj platiiinm—which pass 
tbroiigh an intermediate or pasty condition s^^ortly before Janon. 
Almost hU metoh expand on melting, %nd contract on selidifica* 
tion. . Thff exceptions are antimony and biamuth, which expand 
on solidifying, and impart the same property to their alloys. 
»FuBibility enast not be confounded with fluidity^ which Is quite 
a different property. The degree of fluidity of different metals 
when melted varies widely, and plays an important part'.in tht 
production of castings. ^ 

(d) Conductivitif fm' Htai and Electricitjf. —AH«H»ruie, metah 
are good conductors of both heat and electricity,.in which reaped 
they differ from non'metallio bodies. Electrical conductivity ii 
serioust]; affected by the presence of imputitlcq, and falls of 
rapidly with fl»ns6 in temperature. Th^ relative conducting 
pow^ isatherefore given for metale in a pure state and at norma 
temperature (60°* F.), and is referred to silver as Btanflai^ 
that metal b^g the best known conductor gf both beat anf 
eleetrigty* 

(e) pivjferties. —Wht^t afe termed magnetic metals, 
via., iron, steel, nickel, cobalt^ chxbmiuzn and manganese, arc 
attracted oy a magoet. The magnetic power of. ifickq) is verj 
slight compared with iron anH steel, and the othex metals still 
less BO. A number of substances.induding bismuit^phosphorua, 
antimony, zinc, lead, silver ana copper, are repelled, although 
feebly, from the poles of a nsagnet, and artf therefore said to hi 
diamagnetic.* It is well kiAwndihat ftesl, and, to some extehk. 
cast iron^can retain permanently thg magnetishi imported* ^ 
it. Soft wrought iron, on the other ^and, is i!emporarily mag* 
netic, ae., only so Jong as it remains under the infiuefloa df a 
lermanent magnet, or of magnetioudneiiou* 

As already e^lained, a consideratfbn of the Ghemioal pro* 
»ejCtUs of the ^rious substancea use^ for industrial ,pu^sea* 
ails within the provineb of obemiqpl, rather than ‘mefibamcal, 
eohnology. At the same time, it is scat^ly ptwible to*draw at 
itiict line of demarcation, and a ^owled^ of chemielry will be 
hand extremely nseful in almost all manufactnring opjeratione. 

The Hsphanloal propevAfss oom^risa:—(/) tenacity; 
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^)elM6i<]ity ; (A) hardness; (Otouglniess; (jymBSiAtiiiityi%nd 
(k) ductility, * < , * 

(jf.) is that property which enabies^a pbetanee to 

resist fracture raider thb action, of tensile stress. practice, it 
is expresiied in tons per square inch of aectionaj area. The 
tenacity of any given material ia ascertained by actual expert- 
ment in the testing machine, a specimen of known dimensions 
being palled asunder and the load noted. The tenacity of fhetals 
is considerably affected by the presence of impurities, by 
mechanical treatment, as in forging and rolling, and by variation 
in temperatore. A consideration of the strength of materials is 
not limited to the action of tensile stress, but must also include 
compression pr orusbing stress, shear, bending, and torsion. 
For this part of the subject, the reader must he referred to a 
f^eeparate textd}ook. 

(<r) (Inder the action of stress, material undergoes 

a hhange in shape,^ and is said to he strairie/l or deformed. 
Elasticity is that property which causes a body to spring ba4k to 
its origuml form on the removal of the strainihg force. Up to a 
certain point, termed the limit of dasticit}/, the nrdterial remains 
perfectly elastic, and recoyi(y‘s itself completely when the load is 
removed. howev^,’ the ^tross be carried beyond the limit of 
^lasiilSity, the body fails to return to its onginitl form when 
^relieved, and said to ^lave talceu a penmnent set. The limit 
ol elasticity may therefore he d^ed as the maxunum stress 
which can lie resisted without producing permanent set, 

. The tnodnlm of elasticitt/ is^a number or constant for any 
given jaatenal by means of which the amount of deformation for 
alky load within the elastic Hmiji may be calculated. ^ To take an 
0 ]»mpl 6 , a^pb^e sitie-rod of sectional area A square inches and 
\engtb L incheU carriee^a load of W tons, a&41^1^ ^ indbesrbe the 
ebaqge in length, or extension, produced by W. Then tb^ tensile 

■ * ‘ fc '' * «* . * 

• etress =£ toiiiTper sqaaie'lufih. The strain is defined as change, 

/ in Itfdgth expressed as a fraction ol the origins^ length, or straii^ 

I ^ • *" stress . V * 

Now thp fractign called the modnlus of elasticity 


, ^ BO ^hat 




strees _ W 

strain “ H 

4 


e 

L 




tons per square inch. 
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IfvEtegivenfand it. 
ther forzuttla becomes 


M «4«V IMUVWUM VI VAVDlllTAVU,. 

WL 


• / , ^ “ EA‘ 

For example, take the case of an iron mre 
I square inch kectional area, which is hun^ vertically, undiii^ a 
load of 450Jbs. attached to its lower extremity. The valiie.of E 
being ^ 12,650 tons per square inch, the stretch of the wire will 


be 


WL _ m X 10 X 




EA 2,240 X 12,850 X i 


= d54nch. 


A body which does not recover its original form job the 
removal of the load, but retains the impression made upon it, is 
said to be plastic. In this sense, pla»ticUif may cegardetf a# 
the absence ol elasticity, Wet clay is typical of (his property in 
a high degree, and it may be developed to a greater or less extent 
in many ^petals. . , 

(A) Haninesg ta commonly defined as the Resistance offered %y 
a body to*peaetration. In the absence of any standard method 
of producing and measuring the amount of penetration,«wldelil 
different meanlhgs have been attached to the teija, and although* 
hardness is a property of very grJat importance for mau^ 
practical purposes, very little co|}ce(ning it is to be* fountT in 
teit'books.^ Three distinct mefclyids 5f measuring hardness^have* 
been proposed, via.:—(1) the scratch method, whj^h'in principle, 
is that employed by a workman who makes use of a^le for the 
purpose; (2) the indentation me^od, and (3) by the^rebound of 
a small hammer or ball. 


It was in the first place proposed to meaatire the hardness of 
any body by itl ability to scAitehscerbaifi standard substances, dir 
of being ^ratched by them. This sij^nda^ ofliacdnees was 
devised by ^(oh8, who selected ten ^efl-knowd minerals an^ 
arranged them in o^ler so that any ene of them will scratch All 
those which precede it, and be acn^ched hf sdl wttiol^ follow,, 
thus 

Mohs’ Boale of Hat^bian. 


L Talc, 

2. Gypsum. 

8. Oalcite. 

4. Fluorspar. 

5. Apat^t^ 


fi.fOrthoclase ^Feldspift). 

7. Quafts. 

,8. Topai. 

8. Corundum. 

^0* Diamfind.* 
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Thus the diamoi^d will soratch ^aU other sahetencee^ . 
NrtitoHed by none. Suppose fk body is not scratched by, ndr is 
able- Beratch, top( 6 ^ its hardness is said to be 8 ^ If a certain^ 
substance will ^ratch .quartz,, but not topaz, the& its hardness is 
said .to be bet weep 7 and S. Professor Turner, of Birmingham, 
has elate>rated the 9craWh method for the jJetenmnatioh of hard- 
ness, and has devised for the purpose an instrument termed the 
Bolerometer. A diamond is carried upon one end of a balanced 
arm, and is caused to make a series of scratches on<«the polished 
surftM^e of the metal to be tested. The hardness number is taken 
to bcihe load in grammes on the diamond which is required to 
prpduce on a standard metal surface a scratch of standard width 
as measured by a microscope. The operation is a rather delicate 
one, requiring .considerable skill, and scarcely seems suitable for 
everyday use in the workshop. According to the second method, 
hardness is measured by means of an indentation test, of which 
t(te best known and extensively used id -that due to the, 
Bvedish engineer, Brinelb It consists in pressing a hariieDed. 
atebl boll into the surface to be tested under a'standard load. The 
* diameter of the impression produced is measured, and from it 
^he hardness number is at^lculated as follows 

‘ I * 


' Hardness number 


Total load P 


Ojrved area of impresuoo' 

But if b Y diameter ol. ball, and d = diameter of «iinpi-eeBion, 

Curved area of impresiion = (D — Vt>^ i?). 


(fence, hardness numbfer = H N. — *-77 -—— 

The fhachlne used is shown in Fig. 1 . A .small bydranltc ram 
acting^llownwvdb barries.a standard ball of 10 m.m. diameter, 
which Is pressed into the test piece under ^ standard load of 
8,000 ^ogrammea foa'iron and steel, and of 500 kilogrammn 
-for sdEter metalfl. The tost piece is placed^ on the table, the 
height of wfaihh is adjustable by screw and band wheel. The 
pressure prodaoed jby means of a small hand pump may be 
read off directly from* the g^uge, bat a dead weight omitrol ia 
also Birovided as sbewn, whi<!];i lhi]it&‘>the maximam preasnre ^ 
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tbftt fof tiio teei* It u vwy iqiportant that Ui« 

prelenia ahoold be maintained od the Bpecimen for exaolly £be 
'atandard tim^of 40 seconds in mm imaand RtAALacd 



^0. 1.—Br{iieU*N Hudneas tlfter. 


of BO seconds Jot softer materiale. The diataeter of the ixnpres- 
sum is meaflured hy meane of a migroscope capable of reding to 
^ milUmetre. The machine bae^been Iwgel; adopted, and has 
gven good rc^ultfl. 
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In the third ^jpe of instruihent invented Mr, *A^ F. 
.^hoiv', and known •ae ihdm ScUtwfipt (Fig. 2), hardness is 
t 9 ken, be proportional to the reboond oi a i^mall hammer 
which ia allowed to 4tl by ita own weiglit upon-the surface the 
, hardness of which is to he 

measui^. * hammer takes 
the form of a emdU cyUndrical 
plunger, the lower end of which 
is pointed, and €tted with’ a 
small diamond ol standard size. 
The hammer* is guided in a 
vertical tube of glass, at the 
top of which it is held in posl* 
tionbyacatch. This is released 
and the hammer allowed to fall, 
by compressing a rubber bulb 
which may*be held in the 
hand. Bv pressing the*rubber 
bulb at the top of the tube 
and releasing it suddenly, the 
hammer is sucked up the tube. 
engaging with the catch at the 
” top. The beighji of fall, and 
therefore the velocity of impact,' 
vr ^ is a constant quantity, and the 

height of fall (about 10 inches), 
the weight of the hammer (40 
grains), and the area of contact 
\r6 so adjnstdd lhat the dorce 
due to impact^ .exceeds the 
elastic limit of all sohstancee. 
The degsee of hardnees Is given 
by the height of the rebound 
of the hammer, which is read 
0 ^ on a scale^ graduated on the glass t^., With a little 
praclioe,' this may be dqne quite accurately, a lens being pro- 
vidid to read sli^t differences quite poeitiyely. The scale 
adopted -is an arbitrary oge, on which hard steel has a value 
of 100. There would seem to be nu doubt that under certain 
oonditicms thb edteroseope •is, capable of fomi^ing vali^jble 



Fio. 3.—sfore’fl Scleraedb^ 
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results,* and d! tgiving the roldtiye hardness in certain groups 
o{ material, although a oomparison qpn only he instituted between ^ 
individual member^ of the same group. The %clero8cdpe haa,the 
great advantage tj&at-no specially prepared efirtaoe oj( specimen is 
required, and th^t it may be applied directly to apy actual ohjpch 
the hardness of which ib to be meftoredf without In any .way 
damaging tha surtacq. It must, however, be admitted that'lu 
certain baaee, the sclerosoope test is not reliable., ^ns, 
indiarubber found to give a hardness numbpr 28, i.e., 
jgreater than mild steel; soft pine will give 40, or twice^ the 
value for grey cast iron; and glass, 180, a value higher.tlvan 
the hardest steel. On the other hand, for moat ordinary metals 
a fairly close coincidence with other methods has been Jound to 
exist, as the following table, due to Professor Turnej, will show. 


Comparison of Hardness Soales. 


• 




-• —*■ 1 

• ^ Metftl. 

» • 


Tinner. 

■BrliielUS. 

Bboin. 

• 




.* • 

Lead . . • . . 




1*0 

Tin .... 


^5 

2^ 

30 

Zinc *. . . . 

, . 

T5* 

60 

• 7-0 < 

Copper (soft) . 


♦ — 

1 ft'O 

80, 

Copper (hanl). 

« Scitest iroit . 

; 

Isa 

160 1 

lao 

Mild Steel . 

, * • 

16 to 24 

21(J 

^0 

Soft Cast Irdh. 


24 

21 to 24 

1 240 
^ 27*0 

Rail Btoel 


26 to 85 

240 

Hard Cast Iron 


350 

360 

1 

Hard Wiiite Iron 


760 

.720 

TOfi ! 
95? 

Hard Steel , . ^ 

♦ » 

93-« 



urder or uaroness or uomnion Hetait. 

1. Stee.. 4. Copper.* 8. Sold. 

Wrought Iron. 5. Alumintdnqi 9. Tin.* 

8. Platinuzp. 0. Silver. 10, Lead. 

■ 7. Zinc. 

(i) I'ottghnett is the resistance offered to ffacture'by repetfted 
mding or twisting. A common test for wirelis to ascertfdn the 
imber of times a short length cap ^36 to and fro through 
certain fixed angle before breaking^ 
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(j) MaUeabUi^ is the propei^y which enable a'bo^ to be 
extended in all direotiona by hammering or rolling. The degree 
pi ij^olleabililiy ia ^aug^ by the thinneas of the leaf or foil whtoh 
it is poBsible to prodtiee. Gold ia the m^lrinaUeable of all metals, 
and it is stated that gold leaf of an . inch in thickness 

may be obtained. Malleability dapenda partly on hardness and 
partly upon tenacity, and is much affected by the presence of 
impuvities and by temperature. The relative order of malle¬ 
ability for tbe commoner metals at ordinary temperatures ia as 
follows: — 

Order of HalleablUty by Kammi^ng. 

1. Gold, 4, Copper. 8. Zinc. . 

% Silver. 5. Tin. 9. Iron. 

S. Aluminium. 6. Platinam. 10. Nickel. 

7, Lead. 

<1 

Ordtr of UftlUablUt; by Rolling. 

* • 

,1. Lead. 4. Silver. 7. Platinum. 

2. Tin. 5. Aluminium. 8. Iron. 

8. Goldl* (5. Copper. 

^{k\ DMilitif io'usually ae'^the property which enables 

a body to be drawn out in the diroctinu of lengf^h, or in other 
words, td bft drawn hito wire. This property depends very largely 
upon tenacity, and to some extent upon hardnessi The ultimate 
strength or tenacity of the wire when formed must always exceed 
the resistance encountered in pulling tbe metal through tbe hole 
draw platb. The ductility of a metal is usually much lesa 
hot than when cold^Tience lII wtro is drawn cdd.' Gloss, on the 
other txtreigely ductile when hot, and may be drawn 

^ut into very fine thr^. Gold is the most duciile of'all metals, 
anh it on record that'an ounce of gold has been drawn into a 
win 1,800 miles long.. ^ At ordinary temperatures the scale of 
ductility is as follows 

6rder of Ductility (Wira-d^wiflg)* 

1. Gol^. 4. Iron. 8. Zinc, 

fi, -Platinum? p. Copper* 9. Tin. 

8. Silver. Ojt Aluminium. 10. Lead. 

7. Nickel. 

ft 



Table of Physical and Meohanical Properties of Me 
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Another definition of ductilitf^ ie veif gene^ltj in 

praotioal work, *e8|)eci&]ly in drawing a diatinction between 
dwHUand briitU(^taUriak. In making a tensile test, ductile 
mayrisl will showquite an appreciable amoufi^ of stretch or 
^elongation before fru'etare takes place, hfrittle material, on the 
other' hand, eibibits^^no perceptible iacre^se in length under 
similar circamstances. A convenient measure qf ductility is 
obtaiped by expresBing the increase in length as a percentage 
of the original length of the si)6Cttnen. for instance, upo^ a 
piece of mild stee.l, two centre punch marks are mode at a dktanoe 
of ^0 inches apart. The piece is then broken in tlie testing 
machine, and the distance measured after fracture is found to be 
he (say) 1 Si'5 mches. The amount of elongation is therefore 

2*6 inchefl, which is eipresBed ^ X 100 = 25 per cent, of 
the original length. 


'Occurrenoe of the Elements in'Nature. ' 
According to a carefnl estimate by the America^ naturalist, 
Professor Vogt, the composition of the earth's crnst, including 


Of the metals, aluminium is ]by far the mpst widely distributed, 
1(at ^alfehongh of lata'years the cost of its^rodaction has been 
(knbiderably induced, it has quite failed to realise'the expectations 
which were at one time lormed coueeming its value as a materia) 


of cctfutrnotion, ^nd there is every reason to believe that iron, 
which, after aluminioin, occgrs most plentifully, will continue to 
oocypy the xooet promitten4,p<wtion in the useful arts. 
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SmeltlDg of Iron Ores. 

Iron is met with in commerce as an alloy of the ohemiical 
element iron with carlion and other elementa The three varietitt 
of commercial iron, viz., cast iron, wronght iron, and«eteel, are 
distinguished from one.another chiefly by the amount of carbon 
they contain. .Iron rarely occurs in the free state in nature, bat 
is smelted foom varioue ores found in many parte the world. 
Ip making either iron or steel, the first process is almost invari- 
ably thi production of pig iron m the blast.furnace. 

Ores of Iron.—The chief workable ores are:— 

(1) Magtitik ore, or magnetite, Fe^O^, a vpry pure and 
rich ore occarnng abundantly in Morway>aDji Sweden, ai^d fronw 
which the celebrated Dannemora liod iasmedted, charcoal Jse^g 
used as fuel. , 

■ (25 Ikd Tlemaiite, consisting of anhydroafl ferric oxide, FeaOs, 
found in the Furness district, and in Spain, Germany,^anada, 
and the United States. ^ . 

(3) Brown JJematitet a hydrated ferric oxide of the formola 
2 FegOa -f 3 OHg, is probably the most widely distributed om of 
iron, occurring jn this country irnjinsolQshire, Northamptonshire, 
sud the Fo^at of Dean, and also at Biibao fa and in 
France iind Gwmany. 

(4) iSpatfitc iron clay ironstone, blackband, or CJeve^::^ 
ironstone, is more or less pure ferrou^earbonate* FeCOa, and is 
found in Darbom, Torksbire, Stoffordsbife, Somerset, Derby- 
shine, South *Waley and Scotland, and ilbroad^in Germwf, 
Hungary, Cariiitbia, Bassia, etc. 

Hence It will be seen that the only ores nsed on a large sckle 
are impure oxides and carbonates 0 ^ iron.. Ih the preparatory 
process of calcining or roaetiug, which is carried out in large 
kil^, mois^re^ volatile or comjjuteible matfber, milphur and 
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carbonio anbydride, COt, ftie largely expelled/and onylerxous 
oarbonate ia reduced to ferric oxide thus 

* m- 

4FeC08 Oa — SFesO^ -|- 4COa. 

The chemical reaction which takee place in the smeltiDg of iron 
b eonsequontly* very simple, and eonsieta qf the reduction of 
ferric oxide by means of carbonic oxide at a h4;h temperature, 

. tbne.— ^ 

' " FoiOa + aCO::sFe8 + 9COa. 

• 

The combustion rdBolti^g from the action of the bleat upon the 
lower layers of fpel pn^uces carbonic anhydride, GOa, which 
ascending through the mass of incandescent fuel above* is reduced 
to caij^onie oxide* CO, thus:— 

* COa C = 2 CO. 

This carbonic oxide then bbcomea the active reducing agent in 
theji^ast lumacs. The gangue '* or earthy matter contained 
^ in ore, and the hsh 1^ from the combustion of the fuel, 
•cinuBt at^tlh^ same time be got rid of. This is dcoompHshed by 
adding to the charge' a flux, such as limestone* whldh^ at the high 
*t4nl]peratnre of the lumAce, produces with the earthy matter a 
fasilj^d ahg (V)ir3ilitiiig of i^he double silicaW of lime and alumina. 
The slag, being lighter, floats upon the molten metal which 
eeUeptfi at tbs bottom of the furnace, and ialnllowed to run a^ay 
oonfAnueualy during the working of the fumed through a hole 
rinder nofok situated kt the proper height. . 

Bfai^ EtiffiMa*‘^Tha form generally given to the l^t fomaoe 
haa been dmdved frpm thb ^notline s^lon shown in Fig, 8. It 
.ooni^to of two tmnoated gones iolbed together M tts^ bsMej 








'with » small#’ cylindrical pSrtfoii below, '/he upper conical. 
partr is known as the stack or the Icwrer being tended the 
hoskes, and the jujiction, or widest part, thetie^ of the fuqaace. 
,The mouth, or owning at the top, js described as.the ^^f-oar,and 
the eontraoted.portion at the bottom, the AcarfA. Near, the’ 
bottom of the hearth a{ one side is t recbangular opening' or tap 
haht closed with a stopping of clay when the furnace is at work. 
Formerly, the furnace was open-topped> the gas and flsine being 
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allowed U> escape directly into the atanospnere, rasultingWii a 
great loss of heat. Since the iutrodnstioii of *lnt iblasl working 
by Neilson in I 8284 some arrangement foi closing the throat has 
aWays been em^l^ed, the waste gases »being drawn off End 
utili^ by burning in stoves for heating the blaA blown into the 
furnace, 6 r under steam boilers for raisitig steam, and more 
recently, in working large gas engines for supplying the ^ast. 

** Cold Blast ** Inn.-^A high gr^e pig iron for special foundry 
parposes, or for convendon into b$st Yorkshire iroD» aa vpU b^ 
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sabs^aently explained, k still sni^lted with M]d4)la0t at ^ Jew 


ii<mvdrk& , , 

Or^ually, the fufa&oe was built of solid maso&ry, and even 



whdfi Iron-ciued, had a double lining, the outer one of oommon 
briek, and the inner of firebrick, a narrow spaee filled with asbet 
being left between, l^ia wuddcne to prevent lose of heat, and 
to allffw Cor ex|6aneion and cqptraotidn in working; Kt hae 
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fouud tiiat the toes of beat has tto BeriouB consequences, and that 
oit the otbef hand, the necesBlty fyt repave is diminished by 
permitting reawnable cooling action* Heneelhe modern for^ace’ 
(Pig. 4) is completely cased with steel plaie^and ofnjy one lining 
of firebrick is emj}]oyed. 

The stack is oasrietf upon a ftng girder rating on pteel 
columns, which * in 
recent designs have 
beep much increased 
in height, leaving the 
lower part open to 
facilitate coaling of 
the boshes. The 
Hearth is built as an 
independent portion 
of the structure, after 
the stack ^as h^n 
compleied. , 

On the Continent 
and in America^ the 
iron caein^ has been 
abandoned, and the 
thickness of the lining 
has * been so* far re¬ 
duced thaf has 
become necessary to 
erect a lattice work 
tower round the 
furnace to carrji the 
weight of the* Charg¬ 
ing gallery, •tiie in- 
clin^ transporter for ^ p,o. Md’rnycrc ot Blaat yurnaA., * 

raising thechai^, and . • • * 

the “down comer" for the waste gases. In this case, brackets Irom 
th^ tower, instead steel columns, are use^ to support the di^ 
upon which the^stadK is built, giving very access ropnl the 
hearths The latest practice in furnaoe^whicb are to be driven 
hard, is to build the boshes of cast iron cooling blocks ibiongh 
which water is caused to oiroolate^Cfiee Fi^. and which are 
provided with a very thin lining of rtfractory J»iol{work, 

*0 2 






FIq. 6.—“Cup aad CJone** Charging Arrug^ent for Bl»t Fi 
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Som^ modifipfttion of the /up and c<h\e fArangement (see 
Fig^i) is O.OW invariably used for dosing the throat, the gases 
passing through an opening in thd side aCqye the level of the* 
charge into a Vlertical pipe or dmncomer leading to the hotr-hlast 
btovee* The cup is in the form of a ho^iper or^nnel-ahaped 
casting built into the inouth of tHe furnat^. The cone or betl ie 
fiiiBpeuded frpm a- counterbalance lever, so as to project somewhat 
below the bottom the cnp« When closed, the arrangement 
practically becomes a hopper, into which the charge of ore, fuel, 
auJ limestone*is deposited. Where hand feeding unadopted, the 
cone ie lowered ^by means of a hand wheel operating a pinion 
which gears into a toothed sector on the end of the lever, or it may 
be allowed to fall by the weight of the charge by opening the 
cock controlling a hydraulic cataract cylinder. Th^material 
thus charged into the furnace is distributed uniformly round the 
cii'camference, and the counterbalance weight at the end of the 
lever then A>ines ii»td play, bringing the cone iDack «again8t tlft 
^at at the bottom of the cup. In some rdcent examples two 
cones are "employed (Fig. G) to avoid loss of gas during tlje • 
interval when chrvf ging takes place. With the smaller ball closed, 
the charge isjntroduced into the inner cone. Or^ lowering the 
Binaller bell (Fig. 6 (o)), the charge la deposited in the spacedietweeti 
the cup and the larger cone. The amtQler befl is again raised, to 
prWent tbe ^cape of gas, and Mie material charge^ into the 
furnace as above described by lowering the main cone (FigC (h) ). 
The Hunt main is connected to the lioi'gcsitoff main, vljiich is a 
large pipe in the form of a horizontal ring almost entirely 
encircling the furnace, and carried by bracke|a on the columns 
which Bupporl^ the stack, Frop it, smaller pipes or goog^faktt 
lead to tbe air- nozzles or tuyer<rs*(Fig. 5), tluougb which the 
blast enters furnace. The tuyeres arcfivually efght^r ten iil' 
number, arranged at equal distances rou%d tbe oircamfereuQB 
the heartti. Being ekposed to an extremely ii^h temperatnfe, 
ai|d also to the destructive influences of molten metal andTslag, 
they must h^ju^ater-looled. For this pnrpose, tbe nozzle is ma^e 
in we form of a hollow cone of wrought iron or pbosphor-bfpnas, 
through which a constant stream of water ciuulates. 

Hat-Blast. —The use of hot instead of cold blast has not only 
effected a great saving in fuel, but •has also* rendered possible 
a considerable increase in the ^ make furnaco. The 
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tempQiature o| the blast non reaches 1,800° -^r 1,400^ F.) or a 
viable red heat, nhioh is obtained in^ regenerative firebrick 
eiotea, the beat known and moat* widely adopted arrangement 
being that ffi ^wper, shown in aeotion in Fig. 7/ * The 
C&wper stove consista of an outer casing of steel ^fatea, about ^ 
to 25 feet diameter and from 5(y%o 80 i^t higU, having a dbme^ 
shaped top,.aiid* lined internally with firebrick. At one aide of 
this casing, a firebrick flame flue ia built up almost to the top, 
the remainirm apace being filled with a honeycomb structure of 
firebrick *'chequer work" for absorbing thq heat. Firebricks 
of special shape are frequently used, as shown in the delTail on 
the right, to expose rounded aurfaoea and prevent clogging up 
with dust. When the stove is ** on gas,'* the blast furnace 
and the air necessary for its combustion are admitted through 
valves Q and A respectively, at the bottom of Ihe flame flue. 
The three valves G, A, and C being open, an immense volume of 
flame oscdlids through the fiame flue, and is deflected by tRe 
Mome^ through {he interstices of the ^heifuer work, passing 
slowly through the mass of firebrick, which thus bqpomo^ 
incandescent, the products of combustion escaping to the 
chimney flue through the valve,C. ^To place the stove "on 
blast" the gas valve, the air valve, an^ the chimney valve site 
closed, the cold ait valve B at the kotl^im of {he regenera for* and 
the hot hlatft valve H at the botttfm of the^ame flue pre opened. 
The cold ^ir supplied by the blowing engine now entlrs the 
regenerator {tirough the valve B, and taking up the be^t from the 
incandescent brickwork has its temperature raised to about 
1,500° F. before passing away to the hot blae^ main and thence 
to the tuyerps ^of the blast {urnace. The stoves are in pairsi 
and are worked alternately, one being heated the combustioi) 
of the furnaae gases, whilst cold air is Iwng setS tlf^ough tjjie 
other. The reversal takes place at intervals of about balf^aa 
boar, aulS is effected by means of suitoble valvqp. 

« One of these stoves containing as tn^qji as 1,000 tons ^ fire¬ 
brick, and leaving* about 80,000 square feet of heating surface, 
will supply 18,000 cubic feet of blast per minute* C|emng is 
effected by disebarging a smali gun a^w t^ea in Buccession at 
the top and bottom of the stove. The fine dust which is brought 
over in the gases from the furnace, and Vhieh is gradually 
deposited in the passages of the regenerator, ^ then thrown down 
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hy vibration to the bottom of the atove, and mey be removed 
' through suitable doors, 

Formerly, two stages were used for each furnace, but for the 
rapid driving now in wogue three or lour stoves pbr furnace are 
required. To'toch fuhiace a dust catcher is generally applied. 
This consists of ik cylindrical casing about 20 feet diameter and 
40 feet high with a conical bottom, lined throughout with Sin- 
brick, and having an arrangement of internal cones and baffie 
plates to effect a sadden change in the direction of flow of the gas. 
This causes the particles of dust to fall down to Aie bottom of 
the hopper, in which there is a dust outlet valve of bell type 
communicating with a telescope tube, so that the dust may be 
discharged directly into wagons. 

Blast ISn^lnes are usually of the vertical direct-acting type, 
and the air or’blowing cylinder of 80 to 100 inches diameter is 
placed vertically below the steam cylinder, which has a diameter 
ot 86 to 44 iucbes, the stroke being about 5 fset* THe arrange¬ 
ment is clearly shdWn in Fig. 8, which represents an eng^e of 
Ihjs type constructed by the Lilleshall Co., Ltd., of dakengates, 
Shropshire. The steam and air pistons are on o,m rod, and from 
the crosaheadjVnotion is take^ Tiy connecting rod to the crank¬ 
shaft, tbo latter being arranged to carry a heavy fly wheel on 
each side of the engine. 

In tlid covers or he^ds of tbs blowing cylinder, fliip valves of, 
leathei^, or disc valves of indiarubber are fitted, one set for 
suction a)^d another for delivery at each end of the cylinder. 
Flat gridiron valves mechaniially operated by suitable gear from 
the main shaft have also been employed. 

^ Conlpound engines, are oocasionally used, but as a rule 
preference ir giv^n to the single-cylinder type on' the score of 
simplicity and reliability. This is of paramount hn^portance, as 
a kqjring engine is reqikred to work continuously day and night 
for* a long ^rjod. Internal oombustibn engines, working 
directly with waste g^ from the blast fumahes, have recently 
be^ adopted with succese; in some instances, however, they have 
not psbved unifonnly reliable, and konble has been experience 
with^the dust and ii^nrittee in the gases, necessitating frequent 
stoppage for cleaning, etc. A method promising good results 
would E^m to be the utilisation of the ex^ust steam from steam 
engines by low pressure turbines generating eleotric current at 
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hi^h fortdiHtribation throughout the worIcB. it hns been 

estimated t)iAt at least 1^000 h.p. from each furoace in blast might 
be nmrie available in. this way, * • 

I^oriiierly, all the furnaces were blown from one-aet of enginW 



on the aame main. Aecordihg to recent practice, one blowinrg 
engine is provided for each furnace, afid fu^her, each fumaoe 
may have its own blast main, bo arranged that any engine may 
be uaed for any furnace. Depending ^pon the height of furnace 
and rate of working, the blast preBsure varioe^from to libs. 
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per square inoih in ordinary praoticer np to 12 or even 20 Ibi 
par. equare incb on the Amerioan plan, and eeeh engine muy 
have a oapacity < of from ^ 20,000 to 30,000 onbio feet per 
mihnte. ■ r ^ 

Air and Chw MaidB. —The cold blast main is nsuallj about 18 
iifches diameter, bub it is neeeesary td increase the siae of the 
hot'blast main from the stoves to the fnmactf on account of the 
high temperature, and an outside diameter of from S ib 4 feet ie 
not anoommon, the pipe being lined with O-inoh thickness of 
firebrick, ^he gas main from the dust catcher has a drametei 
of .9 or 7 feet, and is lined with 4}-inch bric^iwork. It is pro¬ 
vided with expansion joints at every 10 or 12 yards, ami, 
treqnently a bell and hopper arrangement, with a telescopic 
chnta i>elow for the removal of dust, is fixed at intervals of 6 
yards. 

Lifts and EleTators.—The charge of ore, fiux, and fuel k 
raised to *the top of the furnace sometimejs by ^rpendicul»r 
lifts (Fig. 10), but now more usnally by an inclined ^oist^Fig. 
(Wijih the increased output demanded m recent years, the old 
method of charging by means of hand-barrows has become 
obsolete, anh when it^i^ considered that for every 1,000 tone ^ 
iron produced, sonfe 8,500 tons of material must be charged into 
the hirnace, it will be keatdily understood that some system ol 
automatic charging becomto indispensable. Ih the skip ei 
bnolPet system, the ore and fuel in proper propoi^jiions are tipped 
into tu^ or skips, each of which can hold about 120 cubic feet 
Fig. 0 shows the Aumoncf* charger erected at the works of th£ 
Barrow Hematite Steel Co*, Ltd., Barrow-in-FurnesB, by the firm 
of Semag, of Luisbtrg, Gprmafiy. The skips ^are run np an 
inclined piane pr skipway inclined at about 70^ with the hori* 
^ntal, ly means oi sWm power, or an electric 'Sending engina 
Arrived at the top, fue, skip, which is ol cylindrica!, form, and 
provided w|thtS oone^j^aped drop bottom, is lowered bodily 
into the furnace m<ip.& and the bottom dropped automatioally, 
thus allowing the qharge to slide evenly into the furnace^ A 
aell^acting arrangement is provided at the top and bottom of 
to prevent ovdr-winding, and to bring the empty skip 
quietly to rest at the bottom. No workmen are required at the 
furnace top, except |6r oiling or repairs. 

The 0harge.-^Th6 relative proportion of the materials coct' 
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poeing the ohftrge variei vifch the nature of tfie ore and ot the 
fuel,, and also of the pig-iron to be ^jroduced. With red 
hematite, 40 cwta. of ore, 20 cwIb. of coke, aod 8 cwta. of lime-' 
Btone are required to make 1 too of pig iron* With cla^ iroh- 
Bione, 48 cwts. of calcined ore, 20 cwts, of coke, dnd 12 cwts. gi 
limeHtone are uecee^y^or the pAduction^f 1 ton of grey fbundry 
pig. The coke ^oi\ld be hard and compact, and able to roBiet 
cruBhiog, and it is important that it ahonld be free from aulphur. 
The ore, fuel^ and limestone, are each weighed out Separately, 
and the charge is introduced into the furnace in Iky era bo as to 
keep a fairly constant level at what ib known as the stoctc.Une. 
When in full blast, the bell is lowered every ten or fifteen 
minutes to admit a fresh chnrge. From eight to forty-eight 
hours ia occupied by the material in making the complete descent 
of the furnace, depending on the nature of the ore and the 
quality of the iron produced. The make or yield of a furnace is 
usually 400 or 50Ci tons per week, but with lar^ ftirnaces afld 
the modern ayetem of hard driving, an outpdt of from 1,500 to 
2j000 tons *per week»has been reached. 

Working of the Fumaoe.—A modem blast furnace plant, 
erected at the Bodbourne Hill Iron and Goal Co.'^Works, Frod* 
ingham, Lincolnshire, by MesBre. Head,‘f?r^ht8on Sc Cof, Ltd., 01 
Thorn aby-on-Tees, and embodying* th^ features already ftllttded 
to, is shown "ill the photograph, Fig. 10. ^The molt^ metal it 
allowed to accumulate until the hearth ie fall, and the fni^ace it 
tapped at intervale of from six to twelve hours, by drivigg an iroi: 
bar through the clay stopping of the tap hole, the blast beini; 
turned off meanwhile. The metal then flows plong a channel k 
tbesAMd orpiff bedj clearly seqp inthefigwre, wluchhasagradDal 
slope from the furnace. Leading from the ma^n channel at right 
angles are formed a number of laterA »bTanchfB dib feede^, 
termed eoirs, from each of which agait^iftns a aeiies of pafialld 
furrows ^ semi-eylindrical section, known as The molfisn 

metal is allowed to run into the lowedt yow first, and theh into 
each of the qthers fn succession, the stream 1)eing deflected in tfie 
proper direotidn by meane of slope of sand placed against a spade 
driven down into the channel where required.. AVhen alt the metal 
bofi been run off from the hearth, the tapping hole ia “ stopped,*' 
and the blast again turned on. As soon as eoirdification has taken 
place, the pigs, which are about 8*feet long .and 8 ot 4 inches 
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widss s^re broken off with a heavy hammer and removed by 
manual labour, Pi^ iron caeting machines are also in use, in 
which iron moulds c^rried^op an endless chain are caused to 
mve slowly past ^he mout|||i of ^he channel leading from the 
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upping hola. The metal aolidifiee during the paesage, which 
xscupies about ten minutes, and is j^urned eut of the mould into 
i truck as the ^hain commences its return johrney« If intended 
hr subsequeiilr conversion into steel, the^on is^not cast into 
>igs, but is run into a ladle oarijed on a bogie, on which it ia 
.ransported to a metal mixer, to be distrilfuted to the Bessemer 
converters or ateet furnaces as required. 

Blag. —The slag is allowed to run continuously 
lurnace, eithea into small iron wagons or slag tubs, s^e Fig. 10, or 
nto ^ater. In the former case, it solidifies into blocks jn a 
convenient form for transport to the tip or cinder heap* Sudden 
pooling in water reduces slag to the condition of coarse sand, 
which has been used for making bricks or concrete^ Many 
ittempts, more or less snccessful, have been made jio utilise slag 
in the form of road metal, railway ballast, paving blocks, etc., or 
for the manjifactiire of Portland cement. The quanti^ produce^ 
E^ounting to from’lO to 30 owta. for every toy of iron made, is, 
however, so .enormous, that its general utilisation would appear 
to be an exceedingly Tliflicult matter. • * 

Blast FurnaccT Gas.—This is always utilised ta a greater oi 
less extent, the quantity produoad is truly enormous 
amounting to from 5 or 6 tons in \^ight (pr each ton^of 
iron made. About 30 per cent, bj^ vokme of the gas is* com 
busCible, the average composition at the throat of the fyrnact 
when fired with coke being as follows:— 

' Per oenL hj voluiue. 


Nitrogen , 

. 68 

Carbonic oxide 

. 28 

Carbhnic acid gas . * 

* 11 

HyjJrogen 

. 

•Marsli gas 

1 


A comparatively smalt portion of Uiq gas, jlrobably nyt jmore 
than 14 per cent., ig used for heating the blast, and oocaslonally 
a (urther quantity tor steam raising. There is, however, maeh 
more than is needed for these and similar.purpo^, and it is not 
stirprisjng that after every requirement of«tbe ironworks fend 
even the collieries in connection has been ^tisfied, pipposals 
should have been made with the^object pf utilising the large 
quantity remaining, for the pur posy of supplying, by meape of 
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large gas engineSj electric light and power to the Hietriot adjoin¬ 
ing. It ie safe to j»y tbft not leu than 25 per cent, of 
tbo total heat developed in the average blast farnace, which 
repre^ts about lOiOOO horm-poweri might be made available, 
in this way. 



pAPTEI^^IV, 
PIG IRON. 


^ Iron ma^be deecribod aa a compoand of iron wjth earbon, 
lioon/ sulphur, phosphorus, and manganese. The easentjal 
isture is the presence of from 2 to 4j per cent, of carbon, whicf 
(iats in two distinct forms, partly in solution or comhmedt am 
Ekrtly distributed throughout the mass in the form of 
r uncomhinedt carh<m. According to the relative pipportion o 



te two forms present, oast iron is classed ii^hree varieties, ghy^ 
ottledf and 11). In commerce, ^ig iron is usualljw 

istingoished by numbers, ranging from 1 to 6, or even S, the 
ighest number being the cUeapesb. Thftre is« unfortunately, eo 
^ dju:d in use by means of which the various grades may be 
Btermined, the colour and general i^pearaitbe'of the fraolnred 
^faoe being the only guide. 




MECHANICAL TECHNOLOGY. 


No. 1 piff imi^hovs a highly cryaUlline fracture, the cryetul 
)^mg huge and eyenly dietribated. It is very dark grey ii 
solotir, due to the large, lustroua flakes of graphite which are easilj 
UBtinguUhaBle on ttie fractured surfaoe with the jiaked eye. Tb 
iarbon, usually about ^ to Sf per cent, is therefore almost entirely 
n the graphitic or r.ncombined form/the combined carbon no 
exceeding 0*8 per cent. The iron is very fluid when melted, aw 
nakes very fine and sharp castings suitable lor ornamenta 
vork. The pig emits a dull leaden sound when broken, denoting 
i deficiency in strength and hardness. Unless mixed with scrap 
ir' with other numbers, it is not suitable for engineers 
astings. 

No. j2 is lighter in coloar, and is harder and stronger than 
^ 0 .1, but does not run so fluid when melted. The combined 
arbon doea not exceed 0*4 per cent. 

No. 3 is agam lighter in colour, due to the fact that the graphite 
s present'in much smaller flakes, not readily distiuguishable, 
,nd the crystals are also smaller, the fracture being amoother, 
Qoye regular and compact. The carbo'a content is less than 
(os. 1 and 2, the amount combined not exceeding about Ofl 
ent., and the metal jp less fluid when melted, but it possesset 
Quch'greater tenacity and hardness. It is, therefore, the most 
iltepeively usedW foundr^ purposes. 

No. 4 ds still lighter in cofour, and of finer grain. The flakes 
if grapHte are scarcely discernible, and the coiubtned carbon n 
low eqnal to 0*9 percent. ^ It possesnes great tenacity and bard^ 
less, and can only be used 'alone for rough castings which donotj 
eqpire machining, but it is useful for mixing with lower numberH.j 
'here are two variables of^ No.< 4, described aa No. 4 foundry 
.nd No. 4‘lj)rge*respectively. The latter is almost white in colour, 
.nd is foo bard for foundry work, being used ^ely for conversion 
Dto wrought iron in ine puddling furnace. 

Nos. t^4<are classified as ** ** trouf, and are the only] 

ira^es in regular demand for foundry purpohos. | 

No. 5 is known es mottled” iron, its fracture resemliliug a 
aatrix of whire iron interspersed with spots of grey. The carbonj 
}(CODtained in both the'free and unoombined forms, and in very 
lear^ equal proportions. For castings of exceptional hardness, 
s reqnir^ for engipe cyh^ders, a small quantity of mottlediron 
day he added to^ the niix^,arfi/ 
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Ko. 6 is iron, which ift extremely hard ntid brittle. 

The fracture is cloee-grained, and is almoat devoid of separated, 
graphite. Thg carbon is almost entirely coihbmed, only 9 trace 
iiieing present in the form of graphite. t*lt melts at a lower 
temperature than grey iron, Igit before fusion, passes through-a 
viscous or pasty condition, of which adfantage is talten in the 
puddling procesB* It does not become snihciently d.uid to cast 
well, and is totally unsuitable for the foundry, being used only for 
the production of wrought iron. All grades ab(y/e No. 6 are 
distinctly forge pigs. 

fyploal Analyses of Pig Iron. 


i 



lirey. 




White, 

Conutiluout. 




No. 4 

- —ic 

Vo. i 



1 

No. 1. 

Xf». 3 . 

No, it. 

Foun- 



. • 




dry. 


• 

« 






* 



Gmphitic Carbon 

3'30 

3*35 

320 

3‘00 

2*85 

1'90 

Nil. 

Combined Carbon 

• 

O'16 

0-20 

0-26 

0-30 

0 35 

1*35 

4-10 

Total Carbon 

3*65 

3*55 

3-46 

•S'3» 

3*20 

3*2fi 

3*10 

Hilzeon 

2*83 

2-60 

2*^ 

• 2*10 

♦ 1*75 

110, 

0^6 

Manganese. 

X-80 

1-25 

i-2U 

• MO 

1*05 

0-65 

•0-50 

Sulphur ,* 

003 

0*04 

ff'04 

0*04 

0-05 

0*20^ 

0-30 

PhosplioruS ^ , 

0*60 

0-65 

o-vo 

0*80 

0*90 

0*95 

• 

’0-90 

Iron . 



■01 






It will be ^noiiced that the combined garbotf incoeasgs as the 
mmber»i'iB 6 ,*the graphitic decreasing in i corresponding ratio. 
Ulioon diininishes fropa No. 1 grey tonrhite, the usuaj projor- 
ion for foundry purposes being <rom 2 *tt) ^per «o 6 nt, 
dtoganese, sulphur, and phosphorus remain fairly constant 
hv)nghout the grey numbers, the two ktter allowing ooifle 
endenoy to rise. These gradations in ghemieal composition are, 
lowever, not always regular, and may vary fftin time to tlm^fot 
he same brand. 

Imparitlea in Pig Iron.—Carbon and eilicon may be looked 
pon as essential constituents of ;gig 4 ron, and ewe usually present 
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toaoonsidevftble'extent, whereas manganese, Bulpbur, phosphorus 
and oecasionally other elements occur in very small proportions, 
and are, atrietlj spiking, impurities, imparting more or leas 
undesirable prep^tias. 

Silicon is ahnosi invariably present, in ^utuimy varying from 
about 1 per cent, as a painimum to as much as 3*5 per cent or 
ev^ more. The introdnction of silicon in small quantities has 
a tendency to transform the combined into graphitic «carbon, 
rendering the metal softer. On the other hand, with from 6 to 10 
per cent, of Efilicon, the iron becomes extremely hard and brittle, 
brewing with a glass'like fracture, from which the name of 
glazy pig is derived^ Bilicon also tends to reduce the absorption 
of sulphur by pig iron. Hence whitfe iron, which contains much 
less sili^h than grey iron, has usually a larger percentage of 
sulphur. 

Sulphur appears to act in exactly the opposite manner to silicon, 
d&nverting the carbon into the combined condition, and rendering 
the metal white, hard, and brittle. A very small proportion of 
splpbor, as low perhaps as 0*05 per cant., viH cause the iron to 
be quite unsuitable for subsequent conversion^ into steel. The 
quantity of Ei^.phui present in pig iron does not of^p exceed 016 
per cenL, but its presedw makes the metal flow sluggishly when 
melted. ' | < 

Ph^hmu is nearly dwaf^s found in pig iron, in amgunt 
yaiying from a trace up to 2 or 8 per cent. It increases the 
fluidity the metal, and for fine castings where dlrength is not 
the primary consideration, itsi presence in moderate amount, up to 
about 1*0 per cent, is decidedly adyantageous. With proportions 
exceeding 0*5 per cenlt the tetfbile strength of the iron is reduced. 

ManganefCf by increasing'the power of the iron to combine 
with carbon tp make pig iron white and Its pre- 

Miige assists in gettingi rid of sulphur, or rather in preventing 
the sulphur piwcpt from' passing into the irOU. Twd varieties 
of pig iron vdry 'rich in' zfianganeee are manufactured for use,in 
steel making. One containing from 10 to 26 per cent, of manga¬ 
nese is known gs spieyeUiten, and the other containing 70 to"8^ 
per cent, of manganese together with 6 or 7 per cent, of carbon, 
himaeAfiryomangaueae, 



CHAPTER V. 


WROUGHT IROl). 

The Produotlen of Wrought or Malleable Iron.—^he only 
procesa of any importance in use at the present time for the 
production of wrought iron is known as the indireet method, 
because pig iioir mnet first be obtained by smelting iron ore in 
the blast furnace, and bae then to be decarburised in the puddling 
furnace to effect its conversion into wrought iron. Pig iron for^ 
this purpose is first subjected to a preliminary prooess of refining, 
the object being to effect as completely as possible the removal 
of the silicon, together with the greater part of tbe^phosphoras, 
^nd to convert the graphitic into combined carbon. In this way, 
the gi%y iron is first converted into white, the latter alone being, 
suitable for use in paddling, ^hite iron when near its milting* 
temperature assfimes a pasty condition, which raadily permits 
the oxidising action of the oxygen of thvaif to take pla<;e. Gr^ 
pig iron in melting passes at once/rom the«Bolid to th& liquid 
state, and when finid, is immediately ^covered with slag, Vrhich, 
floaltng upon the sarfuee, effectually pWents the ondising 
infiuence of the blast being felt. The removal of the Carbon by 
oxidation cannot therefore take ijlace until the granitic has 
been converted into combined carbon, or until the grey iron hat 
been transformed into white. At the ^ork^ producing heat^ 
Yorkthire of which LdW Mbor is the best kpown, great 

mportance attached to the refining proce^. ^he«uthor ie 
udebted* to fir. H. B. Woodcock, lorgp manager, Low Moor 
ronworkt, for the drawings and.pbdtt^rap^s of the refintfty 
nd puddling furnace here presented*. sTbe rehnlry, shown in 
hb drawing, Fig. l2, and In the photograph. Pig, 18, consists of a 
estangular Hearth about 4 feet square and TLB inches deep, thm 
lides of which are formed of water-coo^ cast iron luxes a, the 
root being an iron dam-plate &, through ^ich the tap-hole c 
^asaes. The bottom of the hearth consists of a layer of sand 
jsbout 12 inches thick. A framework of cast iron d, supports a low 

p 2 * 
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^rick chimney ft, 16 feet high, immediately over Uie hearth, and 
>lao serves to carry two water-coq)6il tuyei-es,/,/, of IJ incbef 
liameler, placed on one side of the fire «nd inclined downwacds 





an angle of 30^ The blast Is supplied at a presence 6f 
out 2 lbs. per square inch, and is dirdbted i^n the surfacei q( 
e molten metal so as to produce a constant oxidising ution. 
coke fire having been lighted aqd* the ^last turned on, the 
arge of about 80 owta of pig iron on in layers alternating 
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f 

► •' * 

with coke* More fuel is piled all round and on tfie (op, and the 
full blaat allowed to' act fr&iu one and a half to two hoars. 
Whea the operation ^ judged to be complete, both*tiietal and slag 
are tapped outdnto a long cast iron troi)gh,»or pigAnmttl gt aboulT 
2* feet wide by 6 feet long. The elag,*which is very rich in 
iron,floa(fi upon the Burfac6,.and ie run oS into moulds, leaving 
aplute ol metal about 3^ inches thick, upon which water ia rprayed 
to facilitate rapid cooling. The slab thus becomes very brittle, 
and is easily broken into pieces of suitable size fof introdviction 
into the puddling furnace. The slab on being broken exliibite a 
bright silvery-white fracture and is known as rdfined iron. The 
most striking feature is the almost entire removal ol the silicon, 
as ahowC by the following i-- 


Analyies of the Original Cold Blast Pig Iron and the 
« < Refined Metal produced from it 


OoDStitocRl. 

1 * r 

In Origin.-il T'ijj. 

j !□ llefinD^ Iron. ! 

t 

i Carbon—giApliibic . 

'2 90 per cent 

) 

i 

Carbon—conibinf*d< . . 

0 60 „ 

1 3'1j 0 per cent. 1 


1*50 

' 0’30 ! 

■ Sulphur . . . *, 

0 20 „ 

: 0'O5 „ i 

1 PlioBpharus f. 

' 0 50 „ 

! 0*l3 „ - i 

1 MaXgantise 

i_ : _■ 

0*50 „ 

~r 1 


« 


Puddling is in reality a continuation of the operations occurring 
in the refinery, carried out upon the hearth of a,reverberatory 
frraace, the object being topWinit the uee of coal nr coke as fuel 
ay burnhigV out ^f ^sontact wiih the iron. Iqcthie way the 
po^ibility that sulphni^ which is almost always presebt in the 
ftfe], maykiind ite ]yay Into the finished product is largefy avoided. 
The Oi'igiDal process intfoduoed by Heniy Oort in 1784, and s^ill 
employed at the Low door Works, makes uee bt white iron, which, 
aa already noted, do& not become actaally fluid. The method, 
whjph depends entirely upon t^e oxidieing effect of the oxygen of 
the air, is, therefore, ^own as drif puddling, in contradistinction 
to the process of ivet puddling or pig ^boiling, ia which grey nn- 
refined iron is melted in oobtact with materials rich in oxygen, 
^ich ac bematite,^ forge sdale^ oxide of iron, etc., and which 
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themselves sufiply the oxygea necessary for decarbanisatioa. 
Th^^putidHuf/ furuaec. Figs. 14 a^d 15, cgnsisis of two distlaot 



fin. 14.—Purhiling Furniut!, Low IroQworlci. 


parts, th6 Jirrplacc or grate a, and the hearth b, with a 

low flat arched roof covering both, and sloping down J»wards 
the flue leading into the chimney pfetack^c, which bae a height' 
of about 40 feet. A damper at the«top ol th^ stack, operated fay 
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lever and chato,*is provided foe the purpose ot adjuatiug the 
draught ay may be required during the working of the. fur' 
haoe. The furnace is built entirely of firebrick, the walls being 



encaged with cast irop platfis, or buckitaves, secared together with 
tie rods. The hearth is about 6 feet long, and 8 feet 6 inches 
wide, tailored towards the ends. The bottom is in the form of a 
tray, and coneista of caat iron platea arranged so as to afford 
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.L free oiL’culattofl of ntr beneath and arouud them. The hi'e nnd 
jiue bridges and respectively are hollow cast 11*011 bars encased 
ill firebrick and kept cool by air circulating thT*otiBli tliein. , The 
«;orkwg tloor f in front, constructed of firebrfek in 411 iron frame, 



lUu. IQ.—ShIni'IIng Hninmnr. 

9 suspended by a chain from the end of a counterbalanced lever, 
iud is only opened when the charge is in&odactd,or the puddle 
[all withdrawn* The stirring and working of the charge ie 
pected by means of a long iron rod rabhli, inserted through 
he •*oppet'>koU g, in the bottom of door. Jhe workina bed 
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or fwmace ItuHom was formerly a lining of sand, Imt ii is now 
.usual to employ a ^iovering of oxide of iron or liammei* acalu 
about inches in ^ucknesa. The charge of refined iron, weighs 
ing about S <wte., is first -placed in a beating chamber at the 
bhimney end of the furnace, known as^the h, and when 

is removed to*the hearth, where it ranged round the 
aides, leaving the centra open. After about twenty-five^mluutes 
the metal begins to soften, and when in a pasty condition, it is 
drawn towards the centre and is stirred or rabblwl contiiiuoasly 
for«about an hour* Daring this time the carbon and other 
imparities are oxidised by being brought constantly into contact 
with the oxygen of the air, the carbonic oxide liberated burning 
in jel^of blue fiame known as “ puddler's candles." At thiu 
stage, the slag begins to sink or *'drop," and grannies of 
malleable iron in the form of bright spots gradually increasing 
in size aj^eoP on the eurface of the metal as ^ ** comes to 
nature." The halluig up of the charge then commences 
working together the spongy mass of malleable iron and collect^ 
in^it into three or four jaMfetl halli weigtiog from 90 to 100 lbs. 
each. The^uddled ball is a spongy mass of tnalleable iron,' the 
pores pf which ar^ fitted with slag. It is therefore removed on 
uQ itoii bogie todhe hamtte}\ Fig. IB, which expels the 

slag*or shingle, and wdlds jhe particles of ironjiogelher into it 
puddled* bloom 10 or 12 incites aqiiarp and aboui 

2 inches thick. These are broken, and the fracture examined, 
the slabs being classified o^ording to the purpose for which they 
are to be utilised. For bars, tbe harder and more crysUlliiu 
varieties are cTioseg, whilst for rivets, plates, etc., softer anc 
more fibrptis slabs are selAted.* Tbe noblius efre piled one os 
the oil^r wot dkceeduig four high, and are re-bented and welded 
under the* steam ^^mer into rectangnlar blAgts,- which ar 
T&heaked and rolled dtfisn into bars or 4 )lates. 

At Low Idobr, for making chain or rivet iron, the noblins arjl 
taken to the re-hdhting furnace, heated ^and hammered twice 
and railed down in*-the milt into faggots, which gt& then cut inb 
Qpnvenient lengths re>piliog. The piles so obtained 'or 
dgain raised to k wel^ng heat, and hammered twice or tbre 
times, and finally.rolled into bars of the required sise. Exaotl]' 
tbe same process is applied in slab making for boiler plates, wi'tl| 
the exception that the faggqts are cross piled, so that the groi^ 
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the iron tnay run fairly equally in both directions of the 
liiiishea plate. • ♦ 

The “best Yoarkshire” irouworks—viz., I^w Moor, Farijley, 
\fonkbridge, and Taylor^s,—prodace one variety only, the 
greatest care being takqn to maintain a constantly uniform 
jiinlity. In Staffordsliire and other ironmUking centres, several 
[rradeB axe turned out from the same works, of which tiie 
iiDiumoiiest, known as “crown" or merchant, is once piled and 
re-heated. Thn is followed by “ best/* which has received an 
vlditionnJ piling and re-heating, “best best’' which has been 
twice so treated, ftnd “treble best/' which has undergone the 
process three times. The repeated hnmmeriog, rolling, and work¬ 
ing of wrought iron much increases its strength and ductility, and 


J«'ra4 17.—Fmcloi'e oE l.ow flioor Itod, Btiowing “ftbre." 

levelopB its fihrons character. It is ^true that the./r&r?, Pig. 17, 
s due to the presence of slag which has not been completely 
ixpelled during the shingling process, and w^ich^is subsequently 
irokou up and Viistrihuted tliroflghoht the iron, in th| form of 
nimmerable hpe filaments running in the direMovof polling. 
Tibre cannbt bo regarded as an indication strengLh, being due 
0 the preeAtce of a substance weaker thfin iron. It may, 
ver, be aseerbed that fibre does denote quality, befiaule it affcsrda 
vidence that the iron has been worked to %nch an extent as to 
listnbute tbe ^slag utiiFortnly throughout the metal. In thi^ 
ense a rod of wrought iron may be ykened to a bundle of 
xceedingly fine wires which have been welfied together, tHe 
mall interstices being partially filled with slag. • It is frequently 
Bserted that wrought iron will withstand cortoaive action due to 
Aspheric infiuencea, etc., for a jgroBtei length of time than 
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’ the more homogeneous 
niitd e(6el. The ej- 
liknation may he dub 
to the fact that eaoli 
llbre of wrought iron 
ie surrounded by n 
protective co^ring of 
glassOike slog, which 
must first be broken 
down before the metal 
la attacked, whereas in 
the case of steel a fresh 
surface of the metal 
itself is constantly ex- 
poeed as the oxide or 
rust formed falla off 
by expansion and con¬ 
traction. I 
The Fovjtfl and the 
Mill;—By the **forife ” 
h underttood that por¬ 
tion of the works in 
which are situated the 
puddling furnaces, and 
(he maciiinery em¬ 
ployed in the produc¬ 
tion of the puddled bar 
The latter oj)eTa(ion 
comprises two distinct 
processes :-- (l) Siting- 
Ung^ to* Ixpel tbe sla;;! 
or cinder apd coasoli- 
date the spongy mass 
of^ iron received horn 
the paddling furqace 
into a rectangnlar slab 
or “bloom,” and (2) 
roUint;, to convert the 
bloom into a “ paddled 
bar” about 15 feet 
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!,ing> 9 or 4 itioheB wide, and if inch thick, smtnhle for eub* 
^quent red notion into ban or plates. Swingling is effected 
iv means of blows from a hammer, or by direct compreaslon 
11 ^ some form of mechanical squeezer, The^latter is, howe'ver,* 
lot BO effective as the steam hammer (for de^ription see 
K 41), which is now gdberally employed* The blooms' pro- 
iuced in this way are passed forwai-d, without re>heating> 
o the puddle foils or forffe train, which usually consists 
)f two pairs cast iron rolls about 18 inches diameter 



md from 4 to. 5 feet long, arrang|d in iftie line, and driven 
jireotly by means of a steam engine. The rov^hin^tr cogging 
idlt are, a# a tUe, placed on the left and are provMedVith a 
cries of gpthic or diamond-shaped grtAves of diiniuiabiag^ 
ioptb, the surface of the grooves being, notcbec^ 6t ^dented to 
:ivs4i better liold upon the bloom. Tlie*apthor is indebted to 
Jesq^ Akrill, Ltd., of West Bromwich, for tfce drawing, Fig. 18,» 
f a forge train of their manufacture. The flange coupling, A,' 
onnects to the steam engine, from whicli^the r^lls, E, are driven 
lirough a pair of donbU-heliaU pinions contained in the hoq&ing 
r casing, B. The connection betweep the Iqwer pinion and the 
ngine, and also between the pinions agid the rt^Us, and between 









46 MECHANICAL TECHNOLOGY. 

the roIEfl themselves, ie mtAe by means ol^ breakmg^spindltt 
0, and conpling bokes er wohbJeT$t D, as shown in detail $ 
Fig. 484, p. 666. This is reality a safety device, the "spindt j 
. being designed to j)reak first should any sudden‘or unusual resiH^ 
ancebe eneeunter^ in rolling, and frEtcture of the rolls themselv^ 

' is thus avoided. The ends of the rolls are tnrned down to 
necks, which ran in Ibrass bearings in massive oast iron stondai-th 
or houfingg, F, shown in detail in Fig. 19. Large 
dotwi ^crnt>8, G, operated by hand, and worhing through nuti 
fixed in the top of the housings, regulate the!* position of thi 
upper bearings and enable the distance between the rolls to h 
adjusted. The ^niehing roUi on the rigbt*of the forge trui! 
resemble the roughing rolls except in the form of the groov<>6 
whiclrare rectangular or flat, diminishing in size towards the rigljt 
The bloom received from the shingling hammer is first insertt'ii 
in the largest groove of the roughing rolls, and is passed throughj 
rail the gmovOij in regular succession, being returned over the top 
of the upper rsll after each pass. The imddlfd i>ar shows a 
crystalline fracture, with some appearance of lamination, due k 
thb contained slag, which has not yet been uniformly distrilmted 
throughout* the mass. In this form it is sent to^ the Mill, which 
oompfises that secjtioir of the works where the puddled bar is cut 
up, .piled, re-heated, end^ rolled out into various sections of 
“ merchant" iron. The pyddied bar is crojitml or cut up in n 
sberrin^ machine into pieces of from I to 4 le^long, depending 
upon the purpose for which it is Intended. These pieces sjc 
arran^ in alternate layers at right angles tu form a rectangu¬ 
lar pUe or faggot from 4 to 12 inches square, which it 
rais^ to a welding heut in a htilling or radieaiing furnace, noif 
oanally fired by gas and prfividdd with a regenerator, of the tyiie 
shown,in Figs/ 299 azid 800. Some oxidation taVes place during 
heating, the oxide lojpied combining with the sand bottom of tlie 
.•ffiroace to produce a slhg, known as miff/nmoct; jf/ar/,‘'which fio^^^ 
to jdie bottem 'of the fine and is removed occasionally as required 
When the welding'temperature is reached, the pile is removed 
’from the furnace on an iron l>ogie, or by deans of tonf^s 
supported from an overhead run-way, and is taken to the mili' 
tfain for rolling into merchant iron. A good example constructMl 
by Messrs. T. Ter^ & Son, Ltd., of Bilston, is shown in tbo 
photograph, Fig. 20. ^bis, as in the case of the forge train^ 
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|c'onsifit6 of two Bpts 
of rolle, the rmtffh- 
imi volU, in which 
j,he pile iH first 
■'‘cogged down or 
t'sduced^ and the 
finishing rotU, in 
which 4t is con¬ 
verted into the form 
of section required. 
The liousinga and 
Itwu'iogB in whicti 
the roils run are 
nmilar to those of 
Iho puddle train, 
snd the two sets 
are connected to¬ 
other and to the 
3iigiue fn the same 
oanner. The 
jottom roll iajHX)- 
nded with a stnjj- 
ling plate (see Fig. 
t8i3, page 56Q one 
j'dge of which is 
carried upon a* bar 
fixed to the end 
frames, the other 
edge resting upon 
the roll itself, tand 
haring suitable 
teeth or pA>jeotiona 
fitting iifto the 
various grooves. 
Any tenden<^ to 
stick in the groove 
IS thus overcome, 
!i-nd the possibility 
of (he bar wrap¬ 
ping round the 
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bottom roll, or ** cdilaring,*' aa it U 
termed, is prevented. A /ore-platf 
fitted with ffuide jaws for guiding the 
bar straight into the rolls is provided 
when rolling very light sections, 
which when liot, would otherwise be 
liable to bend and twist. This 
urrangemeut is seen applied to the 
email rolls on the right Of the figure. 
The train so armngeMs hno<rn as a 
imivt and tha product is spoken 
of os gtdtk iron. ' The details of con** 
slructiou are ctwrly shown in the 
drawing, Fig. 21, w'hich represents a 
bar mill or guide train made by 
Messrs. Akrill; Ltd., of West Brom* 
witih. The first and second roughing 
rolls are seen at A and B respectively, 
and the guide rolls at G and D. The 
rolls are driveir Ihroagh double 
helical -pinions conl?ained in the 
enclosed housing, £, by means of 
^coupling spindles, F. The guide 
rolls, C, are provided with" oval 
grooves and the ovel section pro¬ 
duced passes through the guide jaws, 
\T, into the round groove of the 
finishing rolls, D, The rolls shown 
at B^are for fiats, and when working 
on rounds these would be taken out, 
and another set knlh 'Oval and 
diamond-sbo^’grooves (Substituted. 
<• The whole mill stands on a heavy 
girder section hed, of the same type 
as shown in Fig. 19* 'With two Jiigh 
roUSi still frequently employed, the 
work is returned over the top roll 
after each pass (see p. 566). This 
** j'SBults in a great loss of time and 
«labour, and as no work is done during 
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l1i3 return, the tnetat Ih allowed to cool down to no purpoae. 
Two methoda have been proposed Jo overgome the difficulty i 
(1) By the adoption ol ikrce hii/k rolls, as in Vig. 20; and (2) by 


..I 

/ 




reversing the rolls after each pasi 7%'ee Jtiffh rolU are often 
jsed not only for light work, such as hoop or guide iron, but are 
low being adopted for heavier eectiouw, such^'ae rails, girders, etc. 
ttoughing and finishing sets are provided in^eaoh train, each 
H-T- It 
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Gonsieiing of three rolls pliioed one above the othetp the middle 
roll being driven fr^m the eogine, and the others geared to it 
After parsing in one directioii through the middle and bottom 
folUj ^6 bar is reHorned through the neit groove between thp 
middle^and upper rolls. In a reverginp -mill the direction ot 
rotation may he reveiv.ed either by meaAs of some form of clutch 
operating alternately a direct and an intermediate gear drive 
from a contiaaously rotating enginot or the engine itdolf may 
be reveireedp on the plan first introduced by Ramsjfottom. For a 
pltUn mill, plain rolls are of coursop employed^ arranged as before 
in jiaira for roughing and finiehing respectively. Fig. 22 is from 
a photograph of the plate mill at Low Moor IronworltSp which is 
one the largest in the country. The rolh are 32 inches 
dlanjetor, and 11 feet long. Boughing rolls are usually of grain 
iron cast in sandpbut those for fimehiDg are chilled by casting in 
icon moulds, ^be top roughing roll is counterbalanced by levers 
and weights *to permit the ready insertion of a bloOm or slab of 
from 8 to 6 inches in thickness. In the mill described^, the tbp 
finishing roil is driven through pinions, but, in some cases, 
revolves merely by friction with the plate in passing through. 
After each*^pas8 ihe^^distance between the rolls is reduced 
by mhans of settihg down screws acting upon the bearings 
of t^e top roll. To enable both screws to be set down to 
the same amount) the wheel keyed upon the' end of. each 
BcreV is provided with a pointer moving roun,^ b notched or 
gradual ring fixed on the housing. In some cases, the screws 
are turned together by mesns of a shaft with bevel gearing, and 
in many recent^xamples a self*acting motion, driven by a small 
steam engine, or electric ipotoi;, is employed. .With the large 
extent of^urface exposed in the case of a plate, it becomes most 
important ^ avoid loss of time, and for this rtaso^ reversing 
mills have been exUpsively adopted. The engine, which is 
reversed e^ch. tdme the plate passes through the rmls, is fitted 
witn slotted link-m^^tion reversing gear, moved by small auxiUary 
steaca cylinder and oil cataract. This is seen in the photograph 
ol the engine at Low Moor, Fig. which has a pair of cylin^rs, 
each 60 inches dipmeteV, with a stroke of 6 feet, and is arranged 
to run at a speed of 60 revolutions per minute. The valves are 
of the piston type, ^ inches in diameter. This photograph, and 
.also that of the plate n^, have been kindly supplied by« 
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i[r, II. B. WoodcOuk, of Low Moor Ironworks. Tho revtiraing 
tivdr, And a aecond lever which controls an eqiylibrium stop valve 
n the main steam {lipe, are placed ou\8ido the engine house, in 



order that the man in charge may have the* rolls constantly ii 
9igbt when in operation. Feeding geaif oonusting of fiictio] 
■rullers driven from the outer ends of the bottom roli, is fixei 
both front and back to assist in pasein^the platO backwards'an^ 
forwards through the mill. On the %ront aide, the end of thi 

B 2 
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l»late is receivet) upon a bogie, which is run (Kifc io aiford the 
necfiBsary enppor^. iln roU^g plateB^ the slab is Brat paaaeil 
between the roughing rolls always in the aame direction until 
the required width il obtained, when it is turned' at right angles 
and again rolled to effect the neceeaar^ redaction in thicknesB, 
The, exact tliicknesH 4b then given in the iiniehing rolla, the 
surface of which being maintained hard and true> imparts also n 
fine hniph to the piute. 

ConaumpUoD of Fuel in Iron-making.- To ppduce 1 ton of 
beat iron from the ore, iTicluding calcination, smelting, reflning, 
puddling, and re-heating, requires the consgmption of about 
4 tons of coal, the amount being increased to about 6 tons In the 
case oitri^ble beat quality. The total loss of iron from the pig to 
the inerehanf; bur will avemge about 20 per cent. It will be seen 
later that the cuusuiuptiun of fuel and the loss of metal are both 
yery much less in making steel. 

Properdfea an^ Defects of Wrought Iron.—Wrought iron is 
almost chemically pure iron, containing only very small pro¬ 
portions of impurities, which, however, exercise a nioet important 
influence on^its proporties. Its chief characteristic is that it con-' 
tains the smallest amount of carbon of any of the commercial 
'varieties of irou.^ The carbon, which does not exceed from O'l to 
0*25.per cent., is present erilirciy in the combined form, and the 
ema^^er the proportion the setter the iron will be. ' Wrought iron 
ia practically infusible and cannot be east in at mould, At a 
bright red heat, it may be hammered or rolled into various shapes, 
the former operation bein^ termed forging. Haised to a white 
heat it becomes plastic, in which condition if two clean surfaces 
are placed in contact and rubjected to pressure .by hammering, 
they wilf^unite or W4‘M together, forming a perfect joint. 
Wrought ifon does not harden when heated 4b redness and 
^Oddanly cooled by qiJbizGhiag in water. It ranks as one of the 
most ductili* nv^tals, and jt may be drawn into very ^ne wire, or 
rolled outJnto sheets of extraordinary thinness. The presence 
of a small amount qf phosphorus is very injuriously 0*25 per cent, 
sufficing to render the iron c.M riien t, that is, the metal may be 
quite malleable ard easily worked r.ta red heat, but is brittle and 
liablf to crack when cold. Sulphur has the opposite effect, and 
it is most important that*it should be excluded. As low a pro¬ 
portion as O'Od jper cent.^ causes decided red ahortitess, the iroi^ 
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]} 0 ooming brittle and unforgeable at a rad heat, afthougb poaaaaa- 
ing the naual properties when cold. ^ Silioo^ is often present io 
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small quantity, and tends to produce hiirdness and brittleness, 
0'd5 per cent, being sufficient to render the iron short aiffi 
deficient in strength. Hot or red shortness dvre to the presence 
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of sulphur is perhaps the most potent defect which can exist 
in wrought iron, and la fatal to safe ijrelding or difficult fcfrgiug. 
II required for any important purpose, brought iron should 
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Ix) subjected t« roU binding, and also to forge or aimihing 
, If a bar be nicked on one side with a^cliisel and bent over 
cold, it should display a fibrous fracture as shown in ^Fig. 17. 
The same quality round bar nicked all round and broken with a 
blow from a hammer shows a crystalline fracture, Fig. 24, tho ’ 
small si/e and appearaifbe of the crystals«being an indication of 
quality. Uar iron either square or round from 3 to 1 inch tfuck, 
if of befit Yorkshire quFility, may be bent cold close upon itself 
without fracture, as in Fig. 26, and if from 1 to 3 inches thick 
sliould l)end to an inner radius = lialf thickness of bar without 
fnicture. As an example of a bend¬ 
ing tost, a knot may be tied on a 
round bar 1 inch in diameter in the 
cold state, but this cauimt be eon- 
siiUirod as a severe td&t of quality. 

The same romark applies to a cold 
bond on a* round bar 2^ inches 
diameter, but a bend on a 2^-inch 
square bar, or on a bar 3 inches by 
2 inches, Avhicb displays tho curved 
edges due tg coinpressioti on the 
inside of the bond, without Bhowiug 
any sign of fiacture on the outside^ 
can ,only be* made with samples-cf 
excellent qimlity. 

Bars and [Jliites of any thick nesa 
may be bent and hammered cload 
when hot without any appearance of 
fracture. In the hot forge t^.^t 
stipulated by the British Admiralty for wrought irvn branded 

best bost/'^!* a bar is punched with* hples thq'difanteter of 
which is J the width of the bar, at distances of and 8 dia-^ 
meters frdhi the end of the bar, the holes being,at riglit angles to 
each other. The holes are then driftefl out to if tijfies tho width 
of the bar. The sides of the holes are then split, and ihe ends 
must admit of being turned back withdut fracture/' Tlje 
distension produced by drifting a punciwd hole is a severe test of 
quality. The so-called “ram’s horn** test, Fig. 2d, of splitting 
open the hole, and bending ontwartjs the'two sides, which in 
addition have perhaps been previously twisted, has been modified 
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in an endless' variety of ways, and is recognised as a nsefu: 
proof of aoundnees.^ Fig 27 shows a " ram’s horn ** test on b 
piece of best Yorkshire iron plate by the Farnley Iron Co., Ltd., uf 
Leeds. 

The diictitlty of rivet iron is well shown by the manner in 
which it will endure faltening, as in 28. A very striking^ 
though somewhat unusuaU test carried out od a Low Moor inm 
rivet as shown in the photograph. Fig. 2U, well displays the high 
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•quality of the material. Angles, teos, chaiinols, and other rolled 
sections are sim^arly subjected to hot forge tests as suggested 
in Fig. 30. 


Analyses of Wrought Iron. 
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CHAPTER VL 


CLASSIFICATION AND METHODS OF |IANirFACTURE OF 
STEEL. 

Definition of Steel.—Chemically, ordinEii^y eteel ie defined as 
an alley of iron with a small proportion of carbon, varying from 
O'l to 1*25 per cent. Other elements may tie present to greAter 
or less extent, but are, stiictly speaking, impiirilies. It has 
become necessary to refer to this material as “ carbon steel. 
Small quantities of certain other metals, such as man^nese, 
silicon, nickel, chromium, tungsten, etc., may be 'alloyed with 
iron and carbon, imparting valuable properties to the metal, 
which is tlien known as manganese steel, nickel*steel, et?. 
Ifkirmerly, steel was defined as an alloy of tlie bhemical element 
iron with carlmn, capable of being hardened by heating to i*ed' 
UBBH and then qu^ching in water, iji which respect it was dis¬ 
tinguished from wrought iron. At the present time,^n onorraous 
(](iantity of steel is made containing not ^ore than 0*2 per 
of carbon, and this material will iiot.'hardeil appreciably on 
suddpn cooling. To this product, the nnuiepf mildt or liuv eityhoii 
Meet has been ^iven. With more carbon, say up to 0*5 per tent., 
a variety known as medium steel is obtained, which is^^uitable 
for rails, tyres, etc., and which beobmes perceptibly harder by 
quenching in cold water. Reyond this, with carbon up to 1*25 
per cent., hard or high caihon steel results^ which iMBsessefl the 
property of hardening and tempering in a marked degree, and is 
bailable for to^la, files, etc. The infiuenceToJ carbou* content on 
tlie strength and ductility of steel is showpfclearly in the diagr^ 
Fig. 81. *There is, however, no line of domjircation betweeli 
these varieties, which merge graduall/ one into (he other. Still, 
all the numerpus varieties of material now ^nown as steel, have 
one peculiarity which serves to distinguish them from botli 
w'roDght and cast iron. They are all produced in a molten cpn- 
dition, and are at once cast into ingots, which are afterwards 
rolled or hammered. Briefiy, cast ma^ be cast, but Cannot 
be forged; wrought iron may be forged, but cannot be cast; 
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and steel in j/tocees oi manufacture is cast, and afterwards 
may be forged. Tbe melting point depends upon the pro- 
portion of carbon present, * ranging from 2600® F. for hard 
fiteeVto 2900® F. ior tbe mildeat varieties. It heated beyond 
a certain temperature, steel aasumea a friable condition, and 
is known as “burn^" which results ^n permanent injury to 
thfl'metoL Hence steel mast be worked at a lower temperature 

iNnUEMCt OF CARBON CONTENT ON THE 

STRENQTH WUenUTY OF STEEL , 
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than wrought iron, ati greater care, especially in the case of th. 
harder varieties, must be exercised in its treatment. ' Mild atee 
is eiasily forged when heated, and if the carbon content does no 
exceed O'S per cent, it may be welded, although not so easily a 
wrought iron, because the latter^ on account of the higher tern 
p^rature at which it may be safely worked, becomes much Softe 
than steel. Indeed, tbe safe range of temperature for steel i 
much narrower than foy wrought iron, and welds cannot b 
relied ou with so n^tieh This explains why steel ha 
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fiot been able to^fcake the place of vronght iron chain making, 
,tnd why best Yorkshire iron is still preferred for difficult emith* 
lyork where related beating may oe necessary. The strength 
;^id elasticity ot mild steel exceeds that of tbfe best wrougbtlron; 
and much larger pieces in the form of forgings, bars, plates, rails,^ 
etc., can now be produced, at one-half the price of best Yorkshire 
iron. For strocttural purposes, as in bridgework, etc., where 
smithing and welding are easily avoided, steel has entirely 
displaced wroyght iron. The superior ductility and flanging 
properties of steel plates have rendered the use of wrought 
iron for boiler-making obsolete, and in fact the thick pl&tes 
required for marine boilers of large diameter could not possibly 
be produced in iron. On the other hand, experience seems to 
have established the fact that best wrought iron is less suscep¬ 
tible to “fatigue,” and to suddenly applied and' oft-ropeuted 
stresses, and is better able to resist continued percussive action. 
Thus, in stationary engine practice, crank pins ofYow Muui; iron 
Ifkve worked quite successfully for many years* where steel of the 
highest quality has fractured repeatedly after running onjy a 
few weeks. Steal is also seriously aiTected l)y such action ns 
shearing or punching. Steel plates should on nd account be 
punched, but must be drilled. The crusliing stress exerted upon' 
the edge of a plate in shearing, is fouhd to be much losfr pro- 
judisial in tAe case of wrought than with sieef. It is 
rlsngerouB to .work steel at a blue or a black heat, tlie resiltting 
injury being much greater than if the steel had been*ptrained 
when cold. This property is known'as ** blue shortness,” Steel 
which has been injured by working at a bipe beat may be 
restored to its .original conditioj) by proper rmneallng. Similarly, 
steel plates which have been punched, or subjected to V)cal action 
as in dapging, must afterwards be annbaled. The aimealing 
furnace must allow of the entire piece plate being heated,at 
one time To full redness, after which the article .treated is allowe'd 
to -cool down gradually under a layer of ashes or other badly 
conducting materiaf. ^ 

Claaalfloatloti of Steel. —The different varieties of steel may he 
very conveniently claesified according to the process of manu¬ 
facture. The dominant factor in the composition of steel is the 
amount of carbon contained, and as in this respect steel odicupies 
a position intermediate between wrought iron and cast iron, it 
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wiW be reftdlly understood that the methods «nipIoyed for the 
production of steel are baeed upon either (1) the addition oi 
carbon to wrought iron, or'(2) the decarburisation of cast iron*. 
Another method k (d) by the direct reductiod of the ore, h^t 
although no doubt possible, this process ie very uncertain and 
irnpracticable, and not at present in'nae. Grouped according 
to the first two methods, it will be found that steel is being made 
on a large scale at the present time by the following processes:— 

(1) 'The Cementation Piveen^ in which wrouj^ht icon bar is 

heated for some time in contact with carbon, 'i'his is still the 
mbfit im|>orlant, and practically the only method of producing 
the ** crucible cast steel ” used for cutting tnois. , 

(2) The liessettier Z'wew, in which cast iron is decarburised 
by blowing air through the molten metal. 

(S) The iSiani'titf l^roecsfty in which the decarburisation of oast 
iron is offeotod by adding rich oxides in the form of iron ore to 
ihe molten luetalin an ^^open-beartli" gas-fired fOrnaco. In e 
modified form, linown as the Siemens-Martin process, pig i^on 
is melted with wrought iron scrap, no ore being added. On 
account of the difficulty in obtaining wrought iron scrap at the 
present tiiLe, this process is now no longer used. The termt 
“ Siemens ” and '‘•-Siemens-Martin ” are employed very loosely, 
and^are often understood tt? moan one and the same thing. Th( 
“Si'eniGiiB'^is esaei^lially thef“pigand ore” process', the ‘‘Siemens 
Mal-tin” being just as fundamentally that of “pig and scrap/ 
In either caso, the furnace is always of the gas-fired Siemeni 
type, worked on the re^nerative system. In the ordinary 
Hsemer and Siemens processes, pig Iron containing phoaphonii 
be treated, on account o{,tho acid nature of the siUceoui 


Baeii'.y tii Tlmtutg-Oilchitt Procv«g\ in which the 
ihan wroughtnverter, the Siemens open-liearth furnace, as the 
harder varieties lined with basic material such as dolomite oij 
is easily forged wl^ct the rbinoval of phosphorus. 
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CHAPTER VIL 


CRUCIBLE CAST STEEL-CEMENTATION PROCESS. 

The Cementation Prooeet. —^This is the oldtidt of all the* coiu- 
lerciaPproceBseB of eteel-making, and wan firet establlahed in 
heftield during thp 18Ui century. Hammered bars of reOned 
l^vcdi^h iron^ 3 iucliea wide, ^ inch thick, and from 6 to 10 
pet long, are embedded in charcoal, and the air being excli^ed, 
ire kept at a yellow heat for a period of eight to ten days. The 
'ounrtivff or onirtituiioti fimiai’t'. Fig. 82, resembles a glass- 
louse furnace in external appearance, having a or conical^ 
itininey, A> i^out dO feet high, inaide which is a rectangular 
ImmbeT of lirubrick, B, arched over at tho top* and containing 
BO long troughs, or poU, C. The latter are built of firestoneB, 
upported on narrmv piers or hrndti^s of masonry or brickwork, 
thich are arranged to leave a eeries of fluea, D, all* round the 
ides and ends of the pots. Running down the centi'e between ' 
he pots is a narrow dreplaco, E, havir^ aViring door at eachhnd* 

^ niandtole, F'is left at the end of flie chamber, through which 
be bars are charged into and withdrawn from Uie pots,’the 
tpening being bricked up when the furnace is at work, l^h^pots 
ire charged with about 20 tons of bai* by first -spreading a layer 
d charcoal nil^s, j inch deep, over the bottom, a^d upon this is 
tlaced a layer of bars, leaving spaces, J inch*wide between them 
to be filled witli'charcoal. Alternate layers of cbarcoul’and bars 
are inirodnced'’in this way until the pots are full^ lee^^ing a 
covering of^harcoal on the top. Tho whole is then luted ov<)r 
with wheeJswarf,” the material obtain^ from ti\e sljaw wearing 
itwny of grindstones, and which, under the,action of the high 
temperature, fuses and renders the pot air*tight. After lighting, 
the fire, the temperature is gradually got up in about a couple of 
(lays to full redness, at which it is maintftined (or about a week, 
imlil the process has gone sufficiently far. This is known by 
withdrawing trial or iap har$ left purposely sO as to bo accessible 
fi'om a small opening or (uji Aufe, G, in the end of each pot 



6? MECHANICAL TECHNOLOGY. 

can be reached tlirough an opening in ihe outer wall of 
the furnace. The degree of carburisation can be judged froto 
the appatirance of llie fracture of the trial bar, the steel produced 
being claiiisi/ied undar six or seven numbers, or ** tempers.’' 
No. 1 or *' spWng beat containing j per cent, carbon, exhtbitii 
an oiiter skill nf 8 t 0 |l aurroundlng a core of iron, called llie 
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sap/* In ^0. 3 ot ** single ahear " heat, containing |per cent* 
carbon, the fracture skowa more steel on the outelde, and less 
iron iA the centre, witilst in No. 4 or double shear '* in. which 
the carbon has reached 1 per cent., the steel and sap are present 
in about equal amounts, nntit in No. 5 or “steel through” heat, 
when the carbon hasincieased to per cent., the sap has been 
“ killed,” and all traces ol iron are lost. The desired ** temper ” 
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inviiig been reached) the fire is withdrawn, and the pole are 
iliowcd to cool slowly, the operation of '‘drawing tlie heat/* as 
:t is termed^ lasting abottt a we6k,*BO that’ the whole process 
ojjeiipies about fliree weeks. When cool, th» pots are opeBod',. 
and tliG surface of the bars which originally was quite smooth, is 
found to have become ^ery rough, and C 4 >v 6 r 6 d with bllstierB. 
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whkh, if of small size and uniformly distributed, indicate good 
quality of metal. TLo bars of blitter $teel,aia it is now called^ 
are broken into short lengths and sorted out according to the 
fracture. To obtain greater hoxhogenei^ the pieces are piled, re¬ 
heated, welded together, and drawn down under the hammer, the 
product being known as tingle thear $UeL This is again oht up, 
ro-heated, welded and drawn down into bars of douUe $hear eteel, 
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which although fairly uniform in composition, is never quite 
homogeneous and still contains impurities. These defects can 
only be removed bj^ fuaioitp or by melting the blister steel iu 
clracibles, the molien metal l^eing ponred or east'lntoironmoulrlii 
to obtain soimd and perfectly botnogeneous ingots of eruciUe cQ>it 
Sited. This process introduced int6 Sheffield by Huntsman 
ijt, 1740, and is still in use with very tittle modification. The 
vii'Uing fioles, A, are simple air furnaces, Fig. 83, consisting of' 
a aeries of rectangular pits of brickwork arranged below the level 
of the melting house Jloot, and along one side of the building. 
Tbe holes are lined with gauister or firebrick, brought up to an 
oval shape and capable of holding two pots or crncibles, B, which 
stand upon the grate bars, C, the aah pit, D, communicating with 
the cellar or vault, I*!, formed beneath the floor. Each fire has 
its own f!ue{ F, leading into a chimney stack which is about 
40 feet liigh, the draught being regulated by a damper controlling. 
4n opening into the ashpit. The hole ” is covered ^vith a square' 
quarry of firebrick, G, about 3 inohes thick fixed in an iron frame 
provided with a handle. The crucibles for melting steel are almost 
invariably miule of fireclay, although graphite has lieen used to 
a limited exfent. They are made by hand in cart iron moulds 
from mixtures of ftreclitys obtained from the coal-measures, and 
usually a special'department of the works is constantly engaged 
in their production., The craoibles are allowed to season for a 
fortnight on shelves fixed round the sides of the melting house, 
nnd before nse, are slowly raised to redness in annealing ovens. 
They are then placed eaclA on a fireclay stool, about 4 inches 
thick, resting on the grate bars in the melting holes, and a coke 
fire is filled up ieveLwith the top. The charge of about 60 to 
60 lbs. of glister steel cut up into small pieces is now introduced 
by meaws af,an iron^fiftinel, the cover or lid, also ol fireclay, is put 
on, the fire made up te the top with coke, and the furnace closedJ 
Tbe fire is usually made up three times, and the melting is com^ 
plete in three or four h6ura. It is important that the metal 
should be ** dead melied ” or “ killed “ before casting, it must 
Se heated for a sufficient length of time after fusion has actually 
ta^en place, otherwise it^will teem ** fiery/' throwing off sparks,j 
and the ingots wAl be unsound or honeycombed. Tbe metal 
must'also be skimmed V before teeming, the slag fioaiing on{ 
the top being removed by mihans of a “ mop/* which is a lump 
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•f blag attached to the end o! an iron bar. (ias fni'iiaees on the 
-licmuHs regenerative principle (to deacribed later) have been 
employed for molting eteel in crucibles, but although using ninch 
fuel, they have never met with extended uae. The workman 
klio lifts the criicibloB from the iire ie known ae the ** puller-out.’' 
*lio “ lifting out tongfl ” fiave half-round ]AW8 which grasp the 
itilly of the crucible, and when the pot baa been withdrawn, it is 
eized by the *' teemer ” by whom its coutenta are poured at once 
iibo an ingut m^uld. The moulds are of cast iron, and are con¬ 
tracted in halves, held together by rings placed' round thepi, 
nd tightened by l^eya or wedges. Just before using, the intoritw 
i the mould is “ reeked ” or thickly coaled with lampblack from 
DO smoky tiame of burning coal tar or resin, to prevent the vigot 
sticking." 

The changes which occur during the production of crucible 
wt steel are shown in the following analyKes:^ 



Swclixli 
]iar Jrotu 

UliKlcr 

SreL'l. 

j C'rucililti 

1 Ount Steel. ^ 


1 

JVr 

o 

I’l'r eeiif.. 

nin 

0 Tj to I'ri 

; 0-7 tG’l O 

003 

, 0-03 ^ 

• 012 ‘ 

Trace 

'I'l'JlCC 

(J‘20 

0'(M)3 

' ooo:; 

(r,‘)05 , 

0-0‘J 

{HY^ 

i 








CHAPTER Vlll: 


THE BESSEMER, AND THE BASIC BESSEMER 
PROCESSES. 


The Bessemer Process. —In 1855, Sir Henry Be^Bemei 
piiteuted tiie method of producing steel hy blowing air throngl 
molten pig iron, whereby carbon, silicon, and manganese en 
oxidised an4l burnt out, siifHcient heat being developed by thei; 
combustion to keep the metal in a fluid condition, so that final),'; 
it may be cast directly into ingots. The oporati<m is carrie( 
out in a vessel termed the converter. Fig. 54, whicli cousistH of . 
casing, A; of tiiicU plates riveted together, and Uxoil to a stroi] 
cast steel frame or rim/, B, at the centre. Tlie trunuio 

ring has two arms or trunnions supported in suitable bearinj 
upon which the converter may be rotated. This is effected * 
making one/of the trunnions, C, solid, and fixitig upon it a piiiir 
D, which gears with a>aok attached to a double-acting hydrai 
ram^ E. The itunnioit, F, on the opposite side is lioUow, t' 
through it the bla^^t is conducted down a Hat pipe or 
neck,*' G, at the side of the converter to the blast box, H, at 


base, 
whicl 

of the box is the tfnard pfafr, K, having 18 or 20 circular hole* 
apaced at equal diat'^nces apart to contain the cylindrical fireclay 
tuyeres, Jv, which are about 2 feet long and are perforated lotigi 
tudinaUy ^ith 10 or 19 holes five-sixtoentha of an (nch in diameter 
Through these the blrist is introduced in small jeto into the IJqui 
'‘inetol. The wck oj- tlmtat, M, of the converter is fixed at h 
aifgle of about witirtha body, so that when the vesseijs i 

an upright position, as in Fig. B4 (u) and (^), the sparks and fian) 
discharged during the ** blow " are directed into an open ofaimne,] 
^tack. The neck also-serves the purpose of a spout when tl 
converter has been rotated Into the horizontal position for poiij 
ing'the metal Into the ladle as shown at (fl). A hood is fixed aboi 
Lliti uouverler to receive the stream of sparks discharged duri4 


, ^'This fonns a removable bottom, J, to the converter,; 
it is attached by bohs and cotters. Fixed to the upper 
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the pnesngo from the lioriKontel to the vertical iiosition. The 
converter is lined with refr^lory material usually ganister, to 
ft.thickiieHa o( 10 or inehes at the «klo8, and about IH intlies' 
at the bottom. Galiister Is a highly siliceoas sandstone fouiuf 





Fio. as.—Airangei^t of Bc««}iioy Plant, 

I * * 

below the coal mesauree In the neighbourhood of ShefHeld. It r 
containa about 90, per c^nt. ailica, and from this fact the process 
is often spoken of as the iteul process, and the product as ackl 
tteeC The ganidtef is gvound to a coarse powder, and is mixed 
with Bufficient water to render it plastic. It is then rammed, | 
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II b«tweeQ the ehell of Die eojivertor ^ind a wooaet) core of 
hu sartie ebip© as the interior. As the bottom wears out mnch 
iiore rtt]Hrl!y the liniai; it is now alwHye made detachable, 
:fi that it may bo oaaily removed wlien worn, and repla^^ed in a' 
\'oiy sliovt time. In prej^aring the bottom, wooden dummies of* 
Lbe name sii:e and shapo as the tuyeres are*inserte<I in the liQles 
:\t Die hottom plate, and Huid ganistor is well rammed lietwe^n 
Dumi. I'be iioUom liaviiig been dried, the dnimnies are rejnoved, 
iind Die tuye]‘<^A put in Die holes loft. The converts* is now 
gt^ncraliy nnule of ID ions ea[ia(;Ity, measuring 7 or K ^ei 
Jiaiiietev inside the lining, Die body being about* 10 feet high, 
ami the hood 5 or i) feet in addition. \Vhafc ie known as a ntHffh 
fihtu/. Fig. d.5, as arraiigeil on the British systenvcon- 
sists of a pair of coiiverDirs. A, A, jilaced on oppoKite sides of Die 
cireuiiiforence of a circular cuHtiiift pit, B, about 510 feet in diameter 
:iiid 3 feist billow floor level. At fclm centre of tha casting pit v 
liV^d veriicaliy Die cylinder of a hydraulic cra^te, C, the ram of 
\\)u(di carries a narrow platform m* stagcj, composed of two hor 
»ontal girders. At one onil of the platform i** the ladlet 
(Ilf the type sliowif in section in Fig. 2*%, piige S42^ built up < 
steel phLLcK,an(l lined with ganister. Thv ladle Is poured from 
I'lreclay no//lo or top-tniln in the iKitlon^ the flow' of the mete 
free From sliig^ heing regulated by a fireclay stoppry fixed npo 
the end of an iron rod covered with u utt^rh; of fireclay. ^Tf: 
rod or fnvan>t-irr< i; is i>ent over the top of the ladle, and cqnnectf 
at Die side to a lever, by means of ^hich the stopper fuay I 
raised or lowered. Mechauism is also provided lor rotating tb 
Isulle on trunnions, so tiiat it may he turned over to empty oi 
»lag, etc., into (be slag pit. The ladle is counberlsDanced by a 
iron poise weig,bt* E, at Die op^wsite end ^f the platfg/m^ and : 
capable oF being raised or lowered by the Ifydraulift ram, or < 
l^eing rotated round the centre by means^ot gearing on the pitji 
form of the crane. Arranged in a circie round Ihe outer edge < 
the casting pit are the ingot utoulds, F, F, ofr cast iron, either ( 
octagonal or square form, tapering upwards.. To permit of thei 
n^ady removal or ** stripping '* from the ingots, as soon as tb 
Utter are suihciently solidified, the moulds are open top aft 
bottom, and atand on iron blocks. Two hydraulic cranes, Q 
iwe placed at opposite comers of the (^dsting,pitfor stripping th 
moulds from the ingots and afterwards rempving the ingot 
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from the pit. The hl4>^AHff enffinea are usuallj of the (u direct 
horieontHl type, arrattgeti an a pair. The pressare at 
^hich the atr is supplied is from 20 to 25 Uw. pw square inch, 

and must be sufficient to 



utreiconie the head of 
fluid metal in the con¬ 
verter. The blast h nsecl 
cold» bat the oxidation 
which taltes place, ee^jeci- 
ally of the a.Iicon in the 
iron, pn^diioea a very 
high temiierature, which 
is imparted to the con¬ 
tents of the converter. 
The mnlten pig iron from 
the blast furnace is not 
taken directly to the con¬ 
verter, hut a quantity of 
from 150 to 250 tons is 
kept constantly stored in 
a large vessel termed u 
tiuOd Fig. flO, 

whicli is liiied with fire¬ 
brick, and may be lilted 
on rocliers by moans of a 
hydraulic ram in order to 
discharge a portion of its 
contents into the ladle in 
which it is transferred to 
the converler. The use 
of llie mixer liot only 
enHures greatet^ regularity 
in the iron, especially if 
supphod from several 
blast furnaces, but it is 


fo^nd that by allowing ^thc metal to stand for some time, the 
percentage of suljffinr present is much reduced, sulphide of 
manganese being* separated in the form of slag. In a works 
not connected with 'a blast furnace, the pig iron is melted in 


a enpola exactly os in thd ionadry^. ' 
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Metliod of Gondooting tho “ Blow The converter, with ila 
lihng'previously raised to a red he^t, is Iv'ought to the horh 
;ontal position, pnd the charge of from 10 to 15 tons o! molten 
Metal is iutroduced by means of a day-lined trough entering the 
month of the vessel. The shape of the converter is such that. 
A'heii in the horizontal position it can hdd the charge without 
reaching the level of the tuyeres, Fig. 84 (c). The blast ts first 
burned on, and the converter then raised to the vertical position, 
figs. 84 (f:() and (/i), the Ihiuid metal being in this way prevented 
from runtiing into the tuyeres. At ftrst, a shower of 8i>arks is 
jjectcd from the uv)uth of the converter, but with very little Hama, 
kiid that of a faint yallowirth-red colour. Tliis lusta for three or 
lour minutes, and constitutes the first stage of the blow^com- 
prinirig changes similar to those which occur in the first part of 
blio puddling process, i.f., the graphitic earl>on passes into the 
jomUiiied form, and the silicon is oxidised to silica, whi^ 
^iMiihines with oxides of iron and manganese to form slag. The 
jemporature now rises very rapidly, and the dame liecomes larger 
h volume, and more lurainous, and finaily of a brilliant dense 
yellow culouri This is the second stage, or “boi!/' which lasts 
about hoi nifniitcH, and is e(]uiva1ent^ to the boiling stage 
of the puddling process. The metal ie tlow in a etato of* 
violent agitation, due to the escape df large quantities of carbon 
nioiiOxide produced by the oxidisltioii of •the carbon bj the 
blast. The paessnre of the blast is now reduced, tlie intensity 
and volume of the llune gradually giving place to a paT» trans¬ 
parent ainethyat tint, with fewer spancs. The third, or fining,” 
stage, in which the remainder of the carbon asid mangmiese is 
removed, is now reached, and iu about iwdhty minutes from the 
commenceiner^ of the blow the flame suddenly VdropX,” indicat* 
ing that •the decarburiaution of the charge is complete. The 
converter is at once turned down to the*hbi'izoiital pouition, and 
the blast shut off. The proper qu§ntity of’|errpmanganeHe, 
pr^iously weighed .out, is thrown into the converter, which is 
allowed to stand for a few minute s until all agitation has subside(^ 
b’erromanganese is a variety of pig iron very rich in manganese 
and containing also from 6 to 7 per cent, of carbon. In practice, 
it is not possible to slop the blow with the required amount of 
cnibon remaining in the metal. It is^founc^preferable to remove 
the whole of the carbon during the blfpv, and then ** recarboriee,’' 
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or add the exaot amount of carbon to convert the charge into 
mild, medium, or hiycd steely of the desired quality, by the addi¬ 
tion of ferromaiiganeBe, or spiegeleiHen. Until this is done, the 
decarbiirised metnl'may be described as burnt Ii'on, being red- 
short and unweldable, or ** rotten/* as it is termed. During the 
blow, some oxidationn^f the iron in inevitable, and the oxide of 



iron produced diseolves in the metu), rendering it brittle and un-' 
workable. The manganese in the ferromanganeee decomposes' 
the oxide of iron, forming manganese oxide, wliich passes into the 
slag. The converter is next turned down, and its contents dis' 


charged into the ladle, Fig. followed by^a layer of slag to- 

protect the molten steel imd prevont rndiivtion. After tho ladle 
has been moved away, the converter is turned mouth downwards 
and the slag run out, the blast being turned on for u few seconds 
to facilitate the operation. The ladle is rotated and brought over 
q>^ch of the ingot moulds in Buccession, Fig. 35, and the molten 
steel is run in at the top. When full the surface of the liquid 


metal is covered with sand, and the moulds are stripped from the 
ingots ns soon as the latter are sulhciently set. As the ingots 
are still much too hot in the Interior to admit of immediate roll¬ 


ing, they are placed in/oabmr; pilf for about an bcjui. Each pit 
is BOmbwliat larger than an ingot and of ample depth to contain it. 
It is thickly lined with hrebrick, and is closed with a lid or cover 
to e)^chide air. Thb excess of heat in the interior of the ingot 
passes through tlie outer layers, and is taken up by the brickwork, 
from which it is radiated back again. This results in a uniform 


lemperuture being obtained witliout tho use of fuel. The ingot 
can then be rolled in the cogging mill without ro-bekting. 

As neither sulphur nor p4iosplioru8 are removed during the 
blow, the iK>n employed in the ** acid ** Bqtjsemer process 
must be freb from ^bese impurities. At the same time, as tlie 
Ijjgh temperature reqiArcd in the converter is obtaineclmainly by 


the combustion, knd oxidation of silicon, that element must be 


present in the proportion of al)out per cent. What is known 
C8 Bessemer pig,” because it is specially suitable for the 
Bessemer process, is smelted from hematite ores free from 
phosphorus and sulphur.'* 


Thq Basic or Thomaa-GHohrist Proosss. —Phosphoric pig 
irons, such na those emelto^ from Scotch or Cleveland ores, and 
also largely produced on the Continent, are not suitable for oon^ * 
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version into eteel by the originAl Besaemer procesa, carried out 
in a fliliceoue or acid-lined converter. Altl^ough phosphorna is 
rcaxJily oxidised,^ the resulting phosphoric acid (PjOg) must be 
combined with a basic substance to effetit its rbtnov^ll in the slag. 
The addition of lime, might accomplLsh this object, if it were not 
for the fact that it would enter into combination with, and would 
tlius rfijpidly destroy, 
the acid lining. This 
Un\ to the introduction 
I>V Thomas and Gil- 
ciiiisl in 187H of, the 
basic process/' in 
wliich a Hlrongly Imsic, 
and at the same iinie 
highly refractory, 
liiiiiig, i>rypftrod from 
doloniito or magnoHian 
Jiniostoiie, is Bubsii- 
tuleti for the ordinary 
gimister lining of»the 
liesHoiiier converter. 

The dolomite, after 
being burnt and 
ground, iH mixed with 
anhydrous tar> and is 
pressed in cast iron 
niouUlp into the form 
of hrichs, which are 
burnt at an inteuse 
white heat The con¬ 
verter is. liiierl vvith 
these MntfUfixUtn hnektt, 
laid in a cement of 
anhydtouB tar, the^ thickness at the &v\eM being about 1.5 
inches. The boti/nn is ina<le alraut 2 feet thick, of the same 
materialR as the bricks, and is similarly formed in an iron mould 
hy hydraulic pressure, a nutiaber of fioles about j- inch in 
diameter being left as tuyeres. The mould is then placed in a 
kiln and gradually raised to a red heaU which drives off thb tar, 
and leavea a hard compact maea, Th*^ arrangement of the plant 
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is in general t£e same as for the acid prouess^ iTig. 37 ehows 
two views of a 15-ton basic Bessemer converter supplied to 
Measrs. Walter Scott, Ltd.» fieeds Steel Works, by the LilEeshatl 
€o., Ltd., OakengHfes, Shropshire. The pinion of the tipping 
gear is seen on the left of the lower view, in which will also he 
noticed the removahlOf-lMjttom, connected by hinged straps to thii 
liody of the converter. Owing to the nature of the process, the 
basic lining wears out very rapidly, and there is also conHideriihle 
Accnmnliation of sing after each blow. Freqne^it repairs are 
therefore necessary, which are gi*oatly faciliUited by the nae of 
the**‘lnoBe bottom/' The upper view showg the method of 
charging the convertor, and the hollow trunnion with the blast 
pipe clearly seen. The eonvorters nsud in the l>aKic process 
SI'S frequently of the concentric type, i.c., tfie neck is not fixed at 
an angle to the body, hut is concentric with it, the mouth being 
p^allel to tlia b<)ttom. In tliis way readier access is alforded for 
the removal of an^ refnietory slag. The convertor after lining 
ia gradually warmed up, anil a quantity of lime, eqiuil to about 
16 per cent, of the weight of pig iron, is put in, and is strongly 
heated by slijjht blowing. The ebargo of aliout'lO tons of molten 
iron is then run in from the ladle, the blast tunidd full on, and 
Ifhe converter rotated into the vertical position. The blow lakes 
from fifteen to twenty nundtes, and is attended \vilh the saint! 
changes ae in the ackl proceed^, until the removal of tlio carbon is 
indicated by the “ drop " in the liame. The “ after blow,” as it 
ia tertn^, now coinmenceSj and is continued for about three 
minutes longer. This is the peculiar feature of the basic 
proi^BS, resultin^in the removal of the phoaphoniB. It is very 
important that the anfount ot.sl]ioon in the pig iroii for the basic 
process shdqjd ha auiall, not exceeding 1 per ceti^, as otherwise 
the ailicdti would attack and rapidly destroy the basic lining, and 
•a much larger quantity of lime would be necessary, tMoreover, 
silicon is uojougur to be ^regarded as the chief hcat-producing 
element, its place in^this respect being taken by phosphorus. 

is especially tb^ case during the *' after blow/' when the 
temperature rises rapidly to about 3200° F., dense red-brown 
fui&es being emitted. Tlie dame does not, however, give any 
indication os to the completion of the process, and when it is 
judgeef that the phos{^oru»^s been eliminated, Ibe converter is 
turned down and the bla^t abut ofif. By means of a small 



THE BASIC BESSEMER FBOGEBB. 


75 


spoon-like ladle with a long handle, a sample is taken, and after 
casting in a mould, is hammered du( flat, cgoled in water and 
broken. With practice the extent to which depbosphorieation 
hse been carri^ can be judged from the 'fracture. If still 
incomplete, the converter is turned up and blowing is continued, 
until finally a satisfactory sample is obtained. The slsg is 
then imn^ediately run off, the proper q^uantity of spiegeleisen or 
of ferromanganese is added to effect the neceKsary reearburisation, 
and the metal run into the ladle in the usual way. Tlie remain¬ 
ing operations are cottducted exactly as in the acid process, Tl^e 
sing, which may oontain as much as 30 per cent, of phosphates of 
5iTnc and magnesia, is of considerable value as a fertiliser for 
agricultural purposes,and is groutid up and sold as manure.^ In 
spite of the great advantage that it permits of the use of cheaper 
pig iron, the basic process is in. itself more costly to worlc than 
the ordinary or acid procean, the quantity of liire used bein^^ 
very large, and the output per converter m|^ch less. It is 
generally contended that basic steel is neither so reliable nor so 
uniform in quality an the acid product, due in all probability 40 
the fact that it is extremely difficult to know exactly when the 
process is cotnplbted. For such uses os r^ils, rolled joists, and 
other Hections the basic process is nevertheless largely employed 
in this country^ and in Germany it ^rms the chief means of 
production. 

Comparing the acid with the liasic Bossemer process,will 
ho noticed that the heat-producing agent in the former .mse is 
the silicon, and in the latter the phosphorus. The chemical 
composition of the pig iron used must therefore be adjusted 
to these requirements, and on the ^average may be taken as 
follows:— 
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CHAPTKU IX. 


THE SIEMENS OR OPEN-HEARTH PROCESS ELECTRO- 
THERMIC MANUFACTURE OF STEEL. 

Siemens or Open-Hearth*'Process.—Alt.liMu#;li HHvurnr 
iuo(1ihi:utiiona of UiiH pinco^K are in use, all nPlliem iivv, conducted 
in j^rnry/irr/ Mfetifiradrc/ifnfurt'n of tlui ty[»e orij'inally infcrodnced 
by i£^ir W. Siemens with the olijcct of ohtainiii^ » hi^rh fcem- 
]iBrature aud at the same time <if e}Te<diii^ ecotiomy in fuel. 
For this pnrpoHiv the in iiicifile of tlii> Cowperhot-hlast stove (p. 2fS) 
^'as applied iii the constriiction of the rrfti iKitftorti for raining to 
a high teinpera^ore Ixith tlie gas ami the air required for•• its 
conihuetioD. The arrangeinent may be best described by 
refei'ence to a recent oxamjde liy Afessrs. Welhnati-Seaver aud 
Head, Ltd^. of London. Tho jurnaci*, Fig. 3H, is of the 
reverberatory type, v'ltSi the hoartli carried upon east iron 
li, ke]>t cogl by allowing the air to circulate freely 
boiieath them. The plates are lli'st covered wbtli a course of 
fire|^ric)i on odgo,^ upon whir)) the hotto/Hf C, is formed of 
successive layers of rofraclory ssnid about an inch tliick, each 
layer IVeliig *' frittn<l" or vitrified hy lieaiing witii gas before tlte 
next ia put on. VVlien a total tliieknegs of about 15 inches has 
))ean reached, n^ipiantity of slag and liammer scale is introduced 
and melted, and ia spi'ead over the bottom until no more ia 
abflorbeil.*. The hearth slopes in all directioms towards tho 
tap-hole^ D/afc the 1)ack of the furnace, aud from this'a spout or 
•fflutdert E, is ari’anged h) run the metal into the latlile. Tliree 
openings, F, (she also Fig. 33), are usually provided in, the 
furnace front, through Che two outer of which the charge of 
^ig iron is introduoed; the ore or scrap is added during the 
process through the central or working dooi* when the furnace is 
at*work. The openitigs arn closed by doors, whicli consist of iron 
frames enclosing p sh\b of fii'obrick, and the doors are suspended 
by chains from cniinter-biAanGed levers, by wliich they are raised 
and lowoi'ed, Th^ end wal4s or blDckit, G, of the furnace ate made 
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from 4 to 6 feet thick, as in them have to he formed the flitee'or 
paesages, H, I, from the regoneratore, J, IL These pasHagee are 
turned horizoiitaily, and open into the furnace through 
three in number, arranged in two rows. The enters titrough 
one of these ports, L, placetl at the level r}f the dooi'H, the 
remaining two> M, which ore placed al)(>ve, serving to admit the 
air, at about the level of the roof. Tiie aide xsalls, N, of the 
furnace ore about 15 inches thick, and ure enclosed in steel plates 
supported by buckstaves of rolled joist or rail section connected 
together by tie-^odw. Below the furnace are placed the re- 
iji'iiemtoys arranged in two pairs, the gas and air being heatf^d 
in iMjparafce ehambers, J and K respectively, each filled with a 
eh«(]uer work of firebrick. The pairs of regenerators are heated 
alternately by conducting through them the hot gases from the 
furnace on thoir way to the chimney. The heat absorbed by the 
brickw'ork in this way is afterwards given up again to the air and 
gas on their way to the furnace. The method of *rev^Bing ths 
direction of flow through the regenerators ia shown in the 
diagram Pig. 40, to w hich also rehu'once may be made in connection 
with the pi'cvimift figureH. Separate valves, placed iti the cbVe.O, 
imniodiately in^fr(]nb of the furnace and below the ilopr level, are 
provided to adjust the supply and control th^ direction of both 
air and gas. The gaa enters from the culvert, P, througti the 
inlet or mushraom valve, Q, which regulates the quantity passing, 
and then through a hiitterjltf rn'crninff valn\ R, which cap be 
turned over to clirect the fiow into either of the gas regenerators. 
A similar arrangement of admissios and i^vei’sing v^vea is 
employed for the air, which is thus conducted to one ov 
other of the air regenerators. After traversing^their respective 
regenerators, tHe air and gas enter &t one end of the furnace by 
way of the porta already dcHcril>ed, and the resfiltin^llame and 
waste gases pass out at the same time throvfgh the ports in the 
opposite elfd, niul are drawn down through tlie other pair ^ 
regenerators into the fine, H, loading to the'^chimney.* The 
direction in Avhich the air and gas pass through the regenerators 
is reversed about every half liour, thus maintaining the bricks 
work at a very high temperature. In this way the heat produced 
by the uouibustion of the gas is added to that taken up from i^e 
regenerators, and the furnace is filled with ^me of intensely 
high temperature. By varying the pixipovtion of air to gas, the 
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ilabiu niiiy be miule reducing, neutral, or oxidieing at will, giving 
great fjiciUty in controlling the various stages of the process. 
The regenerative syVitem working has enabled very considerable 
eccinomy in fuel V) he effected, ns compared with the ordinary 
furnace. The temperature of the products of combuHtion on 
leaving for the cliimney does not much exceed 300^ F., proving 
that the heat geuemted is alinoet entirely retained in tlie furnace 
and regenerators. The working capacity of the Siemens furnace 
lias been increased in recent years from 10 up to 50 tons 
or even more, the most economical and monf easily managed 
sice being probably about 25 tons. In working the Siemens 
open-henrth process, the charge of pig iron'is distributed over 
the bed of the furnace, and a quiudity of eteel scrap, such as raif 
ends, shearings, etc., is added. When completely fused, pure 
hematite iron ore in lumps is added at intervals to effect the 
oxLdaiion of the silicuti, carlion, and manganese of the pig iron. 

bath of nfoUeii metal being caused to boil violently from the 
escape of carbonic oxide, as in puddling. To melt a 25< or 
80-ton charge, the time taken is four or five hours, a “ short, 
ahUrp” oxidising Hame being employed. If a hard steel for raita 
is reqniredr the metal will be tupped soon after boiling has 
subsided, but for, softer metal the heat will he ]trolonged, 
extending to eight or teri l^urs. This permits of perfect control 
over the process, t^iid eoiistitutes the great advDf.itage of open- 
hearth working. JSampleH arc taken from time to time witli a 
long spoon-like ladle, and are tested for malleability and 
toughness, tlie fracture being examined, and the percentage of 
carbon rapidly ascertained by chemical analysis. When the 
carbon has Iwdn Bufhciently reduced, say to O’l per cent., the 
metal is allowed to stand awinle.and the temperature is increased, 
to keep it'ffuict and 'dear out the slag. Sjiiegiil is then added, 
and the furnace is tapped by driving an iron bar into tihe tapbole. 
SiB the metal pns oiit, a small quantity of ferrlimanganese 
previously heatud to redaess is added in the ladle, T (Fig. 40), 
which is of the samb construction as that used in the Bessemer 
process. The ingot-moulds, U. are placed in a row in the casting 
pit, V, which is usually arranged parallel to the length of the 
furnace at the roar or tapping side, and along which the ladle 
mounted on a Imgie, luay be run on rails to bring It over the 
moulds in sucoeesien, lainiediately below the lapbole U the 
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flag jHf, W, so that after the whole of the charge has been run off 
into the ladle, the lander may be removed, and the slag allowed 
to How into the tab, X, carried on a bogie. The Siemens open* 
hearth process more costly in operation, and the rate of 
production is less than the Bessemer, but any pig-iron free from 
sulphur and phosplK)ras may be employed, with the further 
advantage of using up large quantities of scrap by reinelting* The 
great point in favour of tljo open-hearth acid process is that per¬ 
fectly iiniform composition of the steel produced may be ensured- 




ViO. 42,— Chsirfirig Hcigii^ for at«cl Furnsce. 

• 

The basic opeti’k^arih process is carried on in a Siemens 
fumacb lined with, dolomite, lime being added to the charge to 
tXeep the slag strongly basic. Phosphoric pig may be thus treated 
in a manner similar to the basic Bessemer process. 

Hodlfloatlona of pie Slemene Prooeas.— The modern tendency 
, to work with very large charges of 60 or even 100 tons has been 
responsible for the introduction of two important improvements. 
The difficulty of working heavy charges has been overcome by 
the use ol eharfjfing machines, of which the Wellman, Fig. 41, is 
the best known. The author is indebted to Messrs. Wellman* 
Beaver and Head, Ltd., of London, for drawing and illnstratioDS 
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of their electric open heartb charger referred to in the following 
description. The cherge ie placed in hoxee capable of holding 
about a ton of pig iron, ecrap, or ore. Four of’these boxes may 
be carried on the Charging bogie shown separately in Fig. 42, 
which runs on a narrow-giiuge line cIoKe to the front of the 
itu'tiaco. A second setof rifils outff'ide tlie fir^ and about 12 feet 
gauge is provided for the charging uiachine ilsidf, which ;b 
mounted tin wheels, and is operated in all its motions hy electric 
motors, tahing current from a IroUey-wire overhead. Fixed to the 
frame of the machine at the top are two girders which project close 
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up to the front of the furnace, and which carry a {our>wbeel trucii 
running on rails after the manner of an overhead trjivelling 
crane. Projecting downwards from the tnnflt is a strojlg lu-ro or 
braclcet, with a truiinion bearing at its low^r end in which the 
ritarginff Zior* rotates. A platform is slung fron^ the charging 
bar for the man operating (he machine, who * is thus in a 
]iosition to see the chafge deposited in the furnace. By means 
of motors of about 25 H.P. the charging bai^ may be raised or 
lowered bodily, or moved right or left, %nd a smaller motor oj 
H.P. IS employed to rotate the har for thepurposeof emptying 
the boxes. ^The latter are provided with sockets into wMch a 
flange on the end of the charging bar file, and passing through 

2 
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Uio charging bur, nhiclj is hollow, is a locking bolt actuated by a 
lever for securing, the box in position. The bogie with the 
charging boxes ih jilnced in front of tho machirje, and the end of 
the’ bur is lowered*into the sockr^on one of the boxes, which iu 
then locked upon llie bur. The whole is raised, and with the 
truck, is run forwuvd on the upper girdert^ of the machine to 
bring the box inside the furnace to the spot where the charge is 
to be deposited. The bur is then rotated, turning over the box 
and allowing its contents to full into the furnace, when the truck 
is run back to withdraw the box, which is re])laecd on the bogie 



I’Kr. 44.—Chftijjiiiy Mm'lihu; fov Stet-l ruritacc. 

«• 

and released by drawing Uick the bolt. The whole operation of 
lifting, “dischafging,^ and replucing the box occupies about a 
mimitb, avd in ^his way some CjO tons of matepal may be 
rfiburged into the fuixuvie in an hour, witli a very ^considerable 
saving in lalKwr. Fig. 4H showa a mucliine of the overhead 
crane type, install^! at the Britannia Works of Messrf', Dorman, 
Long Co., Ltd., Middlesbrough. In this view, the machine, 
which is operated &y six electric motors, is sleAved round away 
fc'om the furnace, just ufter picking up a loaded box containing 
4 tons of pig iron. Fig. 44 shows the lower part of the trolley 
witli the motors and the driver's platform, and the charging 
arm in the lowest ^Bitiop*! 
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furuaca may be rocked bodily by means of hydraulic raiofl. Thiiit 
enablee the metal to be poured from a spout, and ae pouring 
may be started or stopped at any moment, the lose of time in 
tapping through a tap hole in the usual way in avoided. Slag 




may also be drained off during the working, if required. The 
outcome of this idea has been the introduction of ccntinuoue 
Hxyrjeing, the beet known example of which is probably foand 
in the Tdhot Fw^joce, Fig. 45, constructed by Meesrs. Wellman- 
Seaver and Head, Ltd,/Ijondon. At the commencement of the 
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week 8 werk^ the furnace la oharg^ with pig-iron and ateel scrap, 
which with ^ditions of ore and lime ta converted into eteel of the 
desired quality in the ordinary manner. About one-third of the 
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metal bo produced is then poured oft into a latile by tilting forward 
the fumacei and is distributed into m£(pt moulds as previously 
deeonbed. The furnace is rolled back, and after adding a quantity 
of oxide of iron to the slag in the furnace, molten pig-iron is run 
in from a cupola to replace the steel taken ouA A vigorous boiting 
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action reHembling the BeHnemcr blow now commencoBj due to tbe 
dincharffe of lar^e qimntiticH of carltonie oiide, which bums with 
an intensely hot flame. The heat evolved liein^ eulhcient to raise 
the* temperature df the bath, ie cut oiT from the fui’nace 
during Lhis |j«nod. At the end of ten in fifteen minutes, the 
slag, which has lieen^eprived of its iron oxide, is partly poureil 
off,' and the txvili reduced to steel of the required quality hy 
fresh additions of ore and lime. When this hue been‘effected 
about oi]e-lhird of the charge is again poured off, and ho the 
process is repeated again and again, the furnace Iteiug emptied 
oiily at the end nf the we<dv. Fig. 48 in from a pliotograph of 
a funmee of thin tvjx* when at worls. ihie port encle are, 
mounted on whetds, and ai-e fitted with a water seal (soon in 
Fig. 4.')) so that they may 1>« moved laUiruily a fth(»rfc distance 
liefore the iurnace, the supply of gaa and air l)eiiig first 

cut off. Fig. 47 showH the furniice tilteii for i>oiiriiig. 

Another important iniproveineiit coiisiata in diHpensmg with, 
the ordinary ladlb, or rather, in attaching the ladle direct to the 
tB]diole on the side of the furnace. Tliis is known as Iheyoyc- 
heatik, and it is clearly seen at the rear and near tlio top of the 
furnace in 48 and 17. It is constructed of eteel plate lined 
with fipehrick, and w prbvidcd with two pouring holes and stoppere 
of thte same pattern ae those used for an ordinary ladle, ao that 
the metql may be lapped direct into ingot moulds, with a^great 
eaviflg in time and with much less cooling than ^heu a ladle ie 
used. ^ will be noticed that the molten metal only enters the 
forehearth when the fnrnahe is tilted, and for pouring oiT the 
slog the foreheartf) is easily removed and a spout sabstituted. 

The continuous method h^s now been extensively adopted, ftnd 
amongst ether striking examjiles, a large furnace of 100 toQs> 
capacil^i^ wftich hasjie^ii installed at the Frodingham S^eel Workn 
in Lincolnshire, ie producing 650 tuns of ingots per week fronii 
liquid pig-iron onjy, without scrap. In this way it is being sought 
to bring the out{»ut of thebpen-hearbh up to that of the Bessemer 
process without sacri^cing facility of coniroir 
^ Oafi Produoer.—'Ah important part of the plant required for 
th^ open-hearth or Siemens process, is that for supplying the 
large quantity of gae with which the furnace is fired. Such gas, 
knows as prodneer pae, is qjiade by pacing ait and steam through 
a thick l^er of incfndeeceht fuel, the oxygen of the air being • 

V 
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converted intrO ciivlionic oxide, and the steain decomponed, 
with the production of hydrogen and^ carlKi^ic oxide. Tlie gw 
alHo GontainB some carbon dioxide, together with the nitrogeu of 
the fdr and the volatile hydrocarhoiie evolved In the dikstillatioii 
oT the burtnng fuel. Thro^ typen of producer have been evolved, 
viz.:'’(!) The grate or “bar IxiUoni" producer, as originally 
introdiKjpd by SieuionH, the uso of which has Imcu pmctically 
abandouo<l on account of the (UQieulty of keeping the hara clour, 
and of tbo lose o^fuel falling into the ashes. (2) The cupola, or 
“solid bottom” producer, of which the Wilson is one of the best 
known esamplee. The disadvantage of this type is the frequent 



stoppage necessary for cleaning out ashes, etc. .Thts ims been 
overcome in (8)'the “ water bottom ’'•producer, which » built on 
an iron ring, dipping into a shallow trough contxiningVater, to 
act as a seal. The ashen thus fall into waters and edn l>^ raked 
out below tfve casing, no heatboiug lost. • The Wilson producer^ 
Fig. 48, or Bonio modification of it, has been rery extensively 
adopted. itcoiiHiHbs/)! a cylindrical ehell, A,of steel plates,lined 
with firebrick, and having a hopper, B, at the top through which , 
the fuel is chaige<l. The hearth, or bottom, C, is also of brick¬ 
work, without grate bars. The air neftessary for combusticn 
is forced in by a steam jet blower, J>, through the distributor, £, 
or flue of brickw'ork in the centra of the hearth. The gaa passes 
through ports into a circular passage, round the uppsr part of 
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the producei', from which it in conducfceti by the downtake to the 
gaB culvert, H, leading to the forna^eH. One advantage of the 
gas producer in, that inferior kiudB of fuel may be utilised, 
washed coal slack being generally employed. Slow combustion 
is maintained by the oxygen of the air blown in through the red- 
hot fuel at the bottom, carbon dioxide CfV being formed, which 
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viaing through the mass of incandescent fuel above, is re(luce( 
to carbonic oxide CO, thua: 0 + 02 = GOy,iaDd COj + C =: *2C0 
The steam ie also decomposed in passing oyer the incaiideeceu 
fneU thus : C + OHa = CO + ^ The beat proportion o 
steam to air would appear to be aboht 1 to 20. As the Ihc 
chamber is always kept quite full, the volatile hydrocarbon 
distiiled from the freahly-charged hiel ai;a compelled to pass 
‘ downwards through the burning mnea below, and in this way 
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tarry matter iff decomposed. Iiiiipectloii doors are provided 
round the top of t|^e producer and at the side, the latter also 
serving for the introduction of bare foi* breaking up the fuel and 
clinker. The anhla are withdrawn thi-oiigh cleaning out doors, J, 
about every twelve hours, and a valve, G, is fixed in the downtake 
to shut off the prodircer when deauing, or for repairs. 



FKi. .M.—I'iljfvim s St**!*'* M<‘rliani:«in («»«• *’ riilpjir’' (Jan l'r*t«lni*cr. 

As already mentioned, the usual form of solid Iwttoin producer 
entails some difficulty in cleaning tmt ash and clinker. This has 
been overcome in the *^Hilger'' producer, Fig. 49, constructed 
by Messrs. D. Hunter Go., of Leeds. The shell is of the 
ordinary cylindrical form, lined with firebrick, but without water* 
jacket, and is provided with a douide-closing charging hopper at 
the top. The body'of the producer is carried upon a framework • 
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of steel girders and ooluiuns (Fig. 50)^ so as t(i leave a dear 
space at the lower end. In this space is arranged a pan-shaped 
hearth; capable of Iwing rotated on a ling of'ltalls bj means of 
worm gearing. *A donble-actiiig ratdiet, or^pilgrim’s step" 
mechanism, Fig. fil, imparls to the worm « foi wnrd and back¬ 
ward rotation alternately* the amtnmt of j^vliidi is aii«d»le of 
tidjuetimeni in i;itbm‘ Llueutioii. This enables the(|uiintit,v of ahlt 
thrown out by the atatumary shovel (see Fig. Ifl) to be regulated. 
Upon the rotating heartli is fixed a stivr'Sba|>ed grate carrying a 
similar Klar-sliaimd upper [Kirtion,tlie blast opening beingfonned 
between theiii; as will be evident from the plan Fig. 19, w'hidh 
;4lioxvH the grate as soon from above. Tho ash in the producer is 
kept constantly in motion by the ‘to-and-fro rotation of the hearth 
and grate, tliiiH preventing the foiiuation of clinker. If the for¬ 
ward and Inxckwai'd motions are adjusted ho as to be equal, the 
removal of tho ash may lui stopped entirely, while still subjecUng 
tho contents rd llie iirodueer to considorablc jigitation? In this 
\va*y, when using a fuel ]U)or in ash, or when not working to full 
i-apiuiity, it is not lUiceHsary to stop the rotating movoment, as is 
the oiwe with pi’Otlucors having grates which rotate in one 
direction only. • Tho oonstant returning of the ash^aiid fuel ia 
the liilger producer brings new surfaces Tnti contact with the 
blast, with the result that gaHiiicatior^ is much hastened. * 

The average^ composition of gas fr^m a Hil,:;Gr producer, and of 
ordinary coal gas for comparison, is as follows :— 


' 

J'l lHlhtrul' liliB. 

—j — 

l.'oul (in&. 

1 Carl>on Moiioxido 

29 per cent. 

• 

7? per cent* 

: Carlion l^ioxidc . 

t: » . 

• 

j HyditJgem .... 

13 „ 

m r. 

i ^favsh OsiH . , , . 

H ... . 

41^ » 

i Hydrocar6ona 


3] M ^ 

1 Nitrogen .... 

02 „ 

» ■ - 

Combustible Gases 

r 

• 

100 


Complete Plant for Steel Making. -An ideal arrangement of 
Bleel'iuaking plant, to which, however, it is not always possible 
to coufomi in practice, is shown iA^ Fig. due to Mr* J. £. 
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SteyenBon, of Middltisbrougb. The blast furnacq, A, worked in 
conjunction with the hot hlftst stoves, B, eapplieB molten oast iron 
to the metal mixer, U, from'which it is taken as required direct 
to the tilting furnace, D. The (>|>en-hoArth steel so produced is 
tapped into ingot moulds, E, which, when the metal is safhciently 
solid, are Btrip^Kni h^ the crane, V. the ingots Ijeiiig at once 
traheferred on l>ogies to the soaking pits, G. After lieating 
uniformly to the proper temperatiu'e for rolling, tiie ingots are 
lifted out by the crane, II, and carried on live rollers, I, to the 
cogging mih, J* Here they are reduced to bTooma, slabs, or 
billets of suitable size and section for subsequent treatment. 


(•) 



. From the cogging mill the steel proceeds to the j onghing rolla, 
in which it receTves approximately the shape of section desired, 
and thei^finaUv to the finishing rolls, in which it is brought 
down to exifct dimensions. The great difference in the treatment 
of wrought iron and steel will be nnticed. The cuttmg up, 
piling, re^heating, and welding, necessary for wrought iron is not 
required for st«eh With the lattei-, the ingot, no matter by 
which method it may be produced, is subject to a continuous 
process of-rolUng only, usually without re-heating. The process 
of reduction from the., ingot to the hnished section is well 
illuRtrated by reference to Figs. 44R, 449 and 4r^, in which are 
shown the form of the rolls and the number of grooves or passes 
required in rolling out a tramrail, Fig. 446 being the cogging,. 
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449 the roughing, and Fig. 450 the finishing rolls for this 


^jurpoae. 

0efBctB in Casting Steal.—Ingots jVi'oduced hy pouring Mtooi 
into mouldfl necflasarity much colder than itself are always 
found to be more or less unsound, and it may he said that the 
milder the steel the more pronounced the defects hecome. It is 
found that molten steel dissolvefl oroocliideHacoiiHiderahle quantity, 
of gas, cdnsiating principally of hydrogen 


and nitrogen to the extent of 85 and 15 
per cent, respectively. These gases are 
given out very largely during solidifica¬ 
tion, but are liable’to remain imprisoned 
in the form of Imljbles of very irregular 
size tuid shape as at R, Fig. 58, giving 
rise to hlowholrg and lumnfvomhinff. The 
ingot also contracts conaidernbly on cool¬ 
ing, and as solidification commences at 
the'Burface of the mould, a conical depres- 
sioD at the top, or a hollow cavity in the 
interior, may be formed as at P, Fig. 58. 
Tbia is known aas its exist¬ 

ence is most marked in the harder grades 
of steel. A third defect is that knowT\ as* 
Mgregatifyn^ or 4he tendency to separate 
into portions of dilTerent composition, 
due to the fact that the various con¬ 
stituents of the steel possess different 
degrees of fusibility, some remaining 
liquid after the rest have solidified. The 
action is thus similar to that of a salt 
in expelling the mother-liquor when crya- 



of 8t«el 

In^nt, RQrt Mnuld. 


tallising. Hence, as slow cooling is pro¬ 
ductive of segregation, rapid solidification is desirable as securing 


homogeneity. 

Several methods hilve been proposed for overcoming the above 
defects with a view to producing sound ingots. The addition of' 
silicon, in the form of silico-ferromanganpse, immediately befoi^e 
pouring the metal into the moulds has long been known to yield 
good results, and more recently it has been found that a email 
.quantity of aluminium, introduced in* a similar manner, has a 
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very marked action in aHeiating tu produce sound castings. An 
important process for consolidating steel ingots by subjecting the 
metal to bydraiiiic proseih'e while in. the fluid state was intro¬ 
duced by Sir Jo!te])b AVhitworbb in 1865, and has since been 
employed in the [production of tlje celebrated ^'hitworth jUdd- 
com^ir^suM sUH, larf'oly used in the mannfacturo of ordnanceaud 
b^avy murino shafting. Other nietliods of compression have been 
devised, luit the process is at lawt Boinewlmt dillicult of [iraetical 
appUciitioti, and the nso of a vinkiuif hrud (pages 2-15 and 259) is 
still commonly resorted to. The mould in madH about 25 per 
cent, longer than the size actually rerpiired, ao that tbo metal 
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comprising thotrue ingot solidifies under the pressure due to the 
head above. The portion forming the head is largely honey¬ 
combed, due to the bubbles of gas which ritie into it, and is 
usD&ilj fdlind to eoiitsLii the pipe. It is afterwards cut oH 
aud scrapped for remelting, the ingot proper thus retnaining 
comparatively sound. 

EteotrothePthld Manufacture of Steel.—This is an important 
process of great promise in the future, in spite of the high cost 
of the eleclric curfent and of the electrodes used to convey it to 
the molten metal. 

The electric furnace for the manufacture of crucible cast steel 
and'for tho preparation of alloys of iron with other metals, such 
as nickel, chromilim, tifhgsten, vanadium, etc., undoubtedly 
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pOfiSfiSfiefi advantages over the older processes. Hitherto 
its use has been confined to iocalities where water power is 
available for the production of the heceasafy current, but the 
utilisation of bloat furnace gas in large-power gas engines driving 
electric generators 
should admit of its adop¬ 
tion in any large steel¬ 
works. 

The advantagoH of the 
process ai*e (1) tliat any 
desired teinporaturo may 
jbe maintained and con¬ 
trolled with the greatest 
ease, and (2) that the 
introduction of impurities 
inseparablo from the use 
of solid or oven gaseims 
iudl is avoided. 

EhiCtrIc furnaces are 
of Ihroo types, Fig. 54: 

(1) Arc furnacoB (a) ; (2) 
resistance furnaces (i^) 
and (c); and (3) induc¬ 
tion furnaces' (n), ac¬ 
cording to thj^ method 
employed for converting 
the electric energy into 
heat. 

The best eif^mple of 
the arc j^miace is that of 
Stassano, which 

takes the form of an iron¬ 
clad cirouW chamber 
witb-dome roof, the whole 

lined with refractory'material. Through the side project two or 
three adjustable carbon electrodes, bet weed which the arc ia' 
formed. The charge ia melted by the->heat radiated from t^e 
arc, and the molten metal is set in motion and thoroughly 
incorporated by causing the whole furnace to revolve. ■ Tap 
.holes are, of course, provided for the *removdl of the metal and 

K.I. ^ H 
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the fliag. The arc furnace is said .to be capable of producing 
a temperature of 7000^ F.j and is eRpecinlly suitable for any 
operation requiring a high temperature. 

The moat successful form of rexUlance /ut'tiace 'ie probably the 
H^rotdt, Fig. 56, which in conetruction closely reaembles the 
open-hearth tilting furnace already'deacribed. The charge, con- 
sistiiig of pig iron with the addition of steel scrap, is melted on 
the hearth of the furnace and is treated in all respects as in the 
open-hearth process, except that heat is produced hy electrical 
means instead of hy burning gas. Tbe source of heat is the 
reskfitance offered to the passage of the electric current in 
traversing the bath of molten metal. The electrodes are not. 
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however^ brought into actual contact with the bath, but an are Is 
formed' from the positive electrode to the bath, through which 
the current passes, causing a second arc' to the negative 
electrode. 

The in^uctmi furnace, first proposed hy Ferranti, is con¬ 
structed, ujibyi the priiftiple of the transformer, or induction coil. 
A successful example ^ that of Frick, Fig. 57, employed on a 
l&rge scale at Krupp*s wdrks in Essen, and recently oy Messrs. 
John Brown ih €o.. Ltd., and Messrs. William Jessop A Sons, 
Ltd., of Sheffield, hearth of the lamkoe is a ring-like or 
Annular channel left in the body of refractory material, and 
fitted with a movable cpver. The core of the transformer is 
laminated, and is built up of soft iron plates insulated from each 
other.* The core is approximately rectangular, forming a closed 
magnetic circuit, ono^limb'of which, surrounded by the primary 
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coil of many tarns of insulated copper wire» passes down vertically 
through the sj>ace at the centre of the heai^th. The secondary 
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ciicuit IB formed by the ring of molten pig-iron, which is dr run 
* into the hearth, when the fumace b6<^)mes a transformer. 

aa 
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An allematiiig current of 80 anipkea is supplied to the 
primary at a pressure of 8,000 volts, and the number of turns 
in the coil is so arranged that n current of 80,000 amperes at a 
pressure of 7 volU^ is induced in the secondary. The great 
resistance ottered to the passage of this heavy current sets up 
a considerable beating efTcct, tlie action'l^eing one of melting only. 
The charge of pig>iron ami scrap in proper proportion can thus 
be melted down to give sleei of any required composition. A 
furnace having a capacity of 10 tons has a power consumption 
of 1,000 H.P., and the etlicioncy of the different stages is stated 
to^be:^Gas engine, 30 per cent.; alternator, 91 per cent.; 
electric furnace, 82 per cent; total efficiency df electric melting, 
22 per cent 



CHAPTER X. 


ALLOYS. 

Thb propGrtie's of any one metal may be consulorably modified 
by the addition of a sRiall quantity of another element, and*in 
this way it 1 b ofteb possible to improve the quality, or remove 
some defect, winch may exist in the purer metal. It may, for 
instance, he desired to bring about any of the following objects : 
(1) to produce sound castings; (2) to lower the molting point; 
(3) to increase the hardness; (4) to iucrease the strength and 
toughness ; (5) to resist oxidation or corrosion ; (G) to improve 
the appearanco, either as regards colour, or abiiily to take a high 
polish. Fur such purposes, one metal is frequently added to 
another, the result being known as an alhif* Viewed in ihis 
light, cast iron may be regarded as an alloy of iron > and carbon, 
which becomes more and more didicult to tn^lt and to cast with 
each reduction in the proportion of c*urbon below 2 per. cent. 
Copper alone*is extremely diHicult, to cast,,but the addition of 
zinc enables sound castings to be produced quite rendify. iGold 
and silver for coinage must be hardened by the addition of a 
small quantity of copper. The strength of copper is greatly in¬ 
creased by alloyitig with tin. The appearance of gold may be 
closely imitated by adding aluminium to .copper/and even a deep 
violet colour may be obtained by alloying equal parts.,of copper 
and antimony* ** ** 

All substances other than chemical elements are classided 
either as chemical compounds or moohahical mixtures. It is well 
knqwn that elements can combine ouly in certain fixed propor¬ 
tions to form compounds. In the producti6n of alloys, however, 
the constituent metals need not be present *ia definite chemical 
proportion, and in fact, it will frequently occur that two metaU 
will alloy equally well in widely differing proportiona. 

The modern theory of the constitution of alloys has been 
built up very largely from the work* dona by the late Sir W. G* 
Roberta-Auaten for the Alloys Bedearoh Committee of the 
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IuBtitution of Mech&nical Engineers. The reports wil 1 be found ii 
the Proceedings of that body for the yeers 1801,1893,1895,1897 
1899 and 1904, and together with several important papers whicl 
were road before the Institute of Metals in 1908<Be6 EnQinee/ring 
Nov. 20thf 1908), may be cousnlted by the reader with advantage 
as onfy a hnef outHi^e of the subject can be attempted here. 

, Almost eii metitia miY wefi together when mefted, but on 
solidifying, the dt/Terence in density or in fusibility may tend to 
bring about a separation to a greater or leas extent. Melting at 
too higli a temperature, and slow cooling, are each particularly 
liable to increase any tendency to separation.’ It cannot there¬ 
fore be said that alloys ate chemical compounds. On the other 

hand, it is characteristic of 



ties didering considerably 


a mechanical mixture that 
the smallost particles of 
each of the substances 
composing it retain tholr 
original properties nnltd- 
paired. Hence, any pro¬ 
perty of a true mechanical 
miibiire, Hpe^*ific gravity for 
insUince, will bo simply a 
mean of the properties of 
its components. Alloys do 
not, however, follow this 
rule, and are frequently 
fouTid to possess proper- 
those of their constitaents. 


According to the modern theory of the constitution of alloys, they 
are to be regarded aa “ solid solutions ” of one metal in another, 
or it may a^etimes happen, of a definite chemical compound of 
the toetals in the mqta! which is in excess. In this light, the 
ftructure of an alloy is very similar to that of an igneous rock, 


such as granite,^hich is built up of widely differing conatituents, 
vis., felspar, quartz, and mica. These exist in the form of 


Crystals, cemented b>gether by the solidified “mother-liquor*^ 
frqpa which the crystal^ were deposited during cooling. It is 
therefore necessary to study the phenomena which occur during 
the cooling and solidification of a single substance and also of a 
solution. This is beet ehown by means of a diagram in which 
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ordinatea rapraaaiit t6tnp€k'atar6B» and absciaae titnas of cooling* 
The “freezing curve” of water, in Fig. 58, is taken to com¬ 
mence with steam which coola^down *from a to 6 at a 
regular rate to’ 212° when condensation cJbmmenceB, and the 
temperature remains constaiifc during be minuteB. At c, eon- 
denaation is complete and the temperature again fafls regularJ^^ 
to freesfing point from a to d. j?oh<h'dcation then commences, 
and t£e temperature I'emains constant at de until the whole 
mass has become solid, after which it will continue to fall so long 
as further cooling of the ice proceeds. With a single substance, 
the melting or freezing point, as the case may be, is fixed and* in¬ 
variable, and in changing from the solid to the liquid state, or 


vice rend, the temjwrature is 
always arrested at this point until 
the change is complete. Pro¬ 
ceeding next to consider the 
behaviour of a solution, it is iu- 
rftruclive to note what happens 
when a solution of common salt 
in water is frozen. It is well 
known that a solution always 
freezes at a lower temperature 
than the freezing point of the 
solvent, the '‘depression” of the* 
freezing poipt depending upon 
the quantity of the substance in 
solution. Suppose, Fig. 69, a 



Tme • 
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Siilu(.ion of Saif, 


solution of 10 per cent, of salt in water is cooled down 
slowly by some external agency. At a temperature of 21°, 
Bolidification commences, ice free from salt h^ifig formed. 
The tei^perature now falls more slowly as 8oli<^iication con¬ 
tinues, and a small quantity of salt lij^parates with the ice, 
causing Ihe remaining mother-liquor to become more aftd 
mere concentrated. Hence the freezing poitft is continuously 
lowered, until at - 3° F. solidification is complete. A solution 
has therefore no definite freezing point. The temperature 
at which solidification commences, knqwn as the initial freeing 
point, depends upon the quantity of matter in solution, but the 
second freezing point, when solidification is complete, valwaya 
remains constant whatever the of the solution may 
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be. Thus, tor a solution of salt in water, the. lower freezing 
point is always — 8“ F. The portion of a Bolution which is 
the last to solidify at thef lower freezing point is termed the 
ft f«^ecf(c,'and it lias always 



a certain definite com- 
• position. In the case 
of salt and water, for 
instance, tlie ’eutectic 
always contains 28‘5 per 
cent, of salt, and in 
freezing, the crystals of 
ice and of salt are simply 
mixed in very close con¬ 
tact. 

The freezing point 
curves for salt solutions 
of various strengths are 
shown in Fig. GO. There 


ate three lines in the 


diagram, for ice (AB), salt (BC), and eutoctie (DE) respectively. 
Taking a 10 per cent, solution as before, it will be noticed that 


freezing commences a^ 21'^ F. as 
shown by the ice line, a;^ul is com¬ 
plete at — 6” F. a^ indicated by 
the line'marked eutectic. When 
the solution contains 2B‘5 per 
oen't. <jl salt, both freezing points 
ooincido on the eutectic line at 
— 8*^ P., as before exphiined. The 
steepuess of the salt line is 
accounted for by the fact that the 
melting point of skit is 1300’ F. 
Taking a solution which is more 
highly concentrated th^n the 



eutectic, and which'oontains, for 
example, 25 per cei\t. salt, it will 
be seen from the salt line that 


TlMt 

ii'iO. Gl,'—Frceslug Curre fot 
Alloy. , 


tb^ first solid to separatb on cooling is pure salt, at an initial 


freezing point of 1(F F. The second freezing point is that 
for the eutectic of ^alt ai^d ice, which always has the same 
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compoaition and always freezes at the same temperature, viz., 
— 8“^ F. 

An alloy of two metals will be fou'tid to l>ehaye in a similar 
manner, and if a -diagram '\^e plotted showing* the temperature 
during the time of cooling down from the molten slate, a 
curve in obtiniiod which, speahiiig generally^ eKhibita the same 
charactensiics as X'ig. dl. As before, the temperature falls 
gradually from a to after which, for some little timei cooling 
proceeds at a less rapid rate, one of the coustituenta crystalliKing 
out at hf leaving the liquid i)ortion weaker in that constituent. 
As the curve Jw is traced, more and more of this eonatituent 
solidifies, the ** mother^ 


liquor ” becoming corre¬ 
spondingly poorer, niitil 
att; it begins io solidify. 
The temperature now 
remains constant from 
c t& d, at which latter 
jx>int solidification is 
complete. The further 
cooling of the sojid pro¬ 
ceeds gradually, as 
shown by the lino */<!. 
'Distinguishing 4lie two 
constituents of the alloy 
as A and B respectively, 
it may be said that the 
crystals first deposited 



Kic. 6i. — Krceiing Point Cutvm for Alloy. 


at h are of large size and consist entirely etlher of A or 


of B, but during the period of freezing, ctl, tbp solid 
farmed, i.e., tlie eutectic, consists of very *small cryt/tals of A 
deposited in' juxtaposition with very smiill^crystals of 13. No 
matter what 'the proportion of A to B in tlie moUeu alloy, the 


eutectic, although by no means a eheiuical compound, always 
containe ei^actly the Same proportion of th4 two metals, and 


always solidifies at the same temperature.) In the molten alloy, 


the solubility of each metal in the other depends upon tb^ 
temperature, which, for alloys of the two metals A and B, is 


shown in tho diagram, Fig. 62, in which ordinates denote tem¬ 
peratures of the molten alloy, and ab8ciss$.i*the percentage of 
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each metal present. Thus^ at a temperature A^j the alloy would 
be composed of two solutions, one containing hd per cent., and 
the other he per cent., of the metal B. An alloy containing 
more than hd pdr cent, and less than Jte por cent, of the metal B 
must be regarded as coiiHisting of a mechanical mixturoj in some 
proportion^ of thd (wo solutions named. As the tem|>erature 
. increoeen, the solubility of each metal in the other increases, 
until at C^a single solution is formed. In the diagram the 
melting points of the pure metals are shoyn at a and and 
of the intermediate alloys by the lines ac and be^ which are 
'“freezing point curves” for the metals A and B respectively, 
meeting in c on the eutectic line tie. An alloy consisting of 70 
per cent. A and 30 jiur cent, B reniaina in a perfectly iluid oon- 
dition until the temperature has fallen to the point ff at the 
intersection of the 70 per cent, lino with nc, in the diagram. 
Here crystals of the metal A begin to be deposited, reducing 
the quantity of tliat metal iu the mother-liquor.” With a 
further reduction iu temperature, more of the constituclht A 
is thrown down, until finally when the temperature is repre^ 
sented by the line hi the whole mass solidifies, A and B 
crystallising out together in the proportion of ic, ch SB per 
cent, and C2 per cent, respectively. Again, from an alloy of 
73 per cent. B and £5 per cent. A, crystals of H commence to 
form ,.at the tefiiperature shown at j, complete eoUdification 
taking place at h on the eutectic lino as before* Of the critical 
'fem^oratures, the initial freezing point corresponding to () and 
j varies with the original oomposition of the alloy, but the 
temperature at which the freezing out of the eutectic takes 
place is constant. In practice, the process hqre described may 
be Bubgect tq some modification, and it should be pointed out 
that, in genoral^ each of the metals A and B will cryetallise 
in the liquid alloy,with a certain amount of the other dissolved 
in it, forming, in fact, a solid solution. It will be found that 
when A comfnen^es to* crystallise out aa at Fig. 62, a certain 
proportion of B, depending upon the "temperature at which 
solidification takds place, is contsined in the crystal. This is 
^bown in the figure by thn dotted lines ad and be, which enable 
the composition of the solid solution formed at any temperature 
to he read off. Thus, s^uppose a liquid solution contains 70 per 
cent. A and 80 {ter cefft B, by drawing from g a horizontal 
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cutting the line ad in f, it is found that point / falls on the 
vertical through 83 per cent. A, and therefore the crystals 
deposited, instead of containing pure A only, eoneiat of 83 per 
cent. A with 17 l>er cent. B in solution. Simildrly, the eutectic, 
as previously mentioned, is seen to consist of a mixture of two 
solid solutions, one as shown by the point d^ containing 34 per 
cent. B dissolved in per cent. A, and the other represented, 
by point a, containing 14 per cent. A dissolved in 8B per cent. B. 
Eutectics are not deposited by alloys the composition of which 
falls to the left of <1 or to the right of e. 

It LB seen that the eutectic has a lower melting point than’ 
either of its constituents. Hence it exists in the solidi6ed alloy 
as a network or thin layer surrounding the crystals of the other 
constituents, and it follows that the strength of the alloy is 
limited by the strength of the eutectic. As a general rule, 
therefore, alloys in which eutoetics are formed are unfitted for 
use where strength is required. • 

Fi:x>m the al>ove considerations, it will be evident that an alloy 
in the solid state will not be homogeneous, unless the metals of 
which it is composed happen to he present in exact eutectic pro¬ 
portion. As an ^loy cannot have a deiiulte freezing ^oint, the 
centre of the mass which in the last to solidity on cooliiig;»will 
also have the lowest melting point. Tips may be either the solid 
solution of lowest melting point, or the ontectic^ according to cir¬ 
cumstances. In the case of a solid solution, the percentage 
composition will be found to vary gradually fi-om the outside t®. 
the inside of the mass. Should the eutectic mixture be the last 
to solidify in the interior, there will be a sudden change in com¬ 
position between it and the first {jortion to solidify bn the outside. 
This separation into portions of different composition is jenown 
as seffreffation, and in practice it is often 8o pronounced as to be 
readily detected by chemical analysis. Portions which solidify 
at different tefbperatures are of different composition, and there¬ 
fore of.different specific gravities, and hence in a casting, such as 
an ingot, segregation nlay take place not only inwards but also 
upwards. Want of homogeneity leads to the development of wide 
differences in molecular structure, which ijiay result in inducing^ 
internal stresses of an injurious character. As a rule, the 
structure of an alloy after solidification is distinctly cryetallme, 
a^d the slower the cooling, the larger the'erya^s are likely to be 
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Consequently the crystels in the interior, on account of slower 
cooling, are usually much larger than those on the outside. A 
coarse crystalline structure is a certain sign of weakness and 
brittleness; a fine grain may be taken to indicate strength. 
Although it may be impossible to obtaiit homogeneity in an alloy, 
steps should always be taken to reduce segregation to the lowest 
. limits. It will now be apparent that the more rapid the solidifi¬ 
cation of the alloy, the more perfect will be the mixtui'e of its 
constituents, and again, the more rapidly cooling takes place after 
soliitlfiratitm han otrurredy the finer the crystiiUine structure. The 
* properties of a^i alloy are considerably intluonced by dilTerences in 

structure, much information 
concerning whicli may be 
revealed by microscopic 
examination. 

Internal Structure of 
Metals and Alloys. — The 
internal structure of ifietals 
and alloys is readily revealed 
by examination under the 
microscope. For this pur¬ 
pose, a small section ” of 
the metal about j inch 
square la {Prepared, tlie sur¬ 
face being very 
polished until all 
disappear. It is then etched with dilute acid or other suitable 
medium, which, attacking some of the constituentB of the metal 
mere readily'ihan others, brings out or develops the structure. 
This ivay bq very cotiveiiieutly examined with a magnification 
of from %0 to 80p diameters, and by using a camera in combina¬ 
tion with the miqfoacope, the image may be pmjected on a 
photographic plate, and a negative obtained in the usual manner. 
The accompanying figures have been produced in tills way. 

Constitution of Iron-Carbon Alloys.—As previously explained, 
iron or steel of cdmmorco Is to be regarded as an alloy, or as it 
jnay now bo described^ as a solid solution” of carbon in iron. 
Iron exists in three forms, known as alpha, beta, and gamma 
iron respectively, denoted by the Greek letters a, and y. The 
first form is the Ally cqfistltuent of pure iron, and it has there- 


highly 

scratches 
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ford been termed ferrite. All mefeale Id the chemically pure sbate 
are cryalalline, and the crystals of ferrite which go to form the 
moss of a satople of nearly pure iron are clearly seen in the 
micrograph. Fig. 68. Carbon enters into combination with 
iron as a definite carbide to which the name of cementUe has 
been given, and which is represented by the formula FeaC. 
Cementite is insoluble in ferrite, hut si mixture of ferrite and 
cenientite occurring in alternate layers is known as pearlitef the 
polished and etched surface of which exhibits a play of colour 
resembling mother-of-pearl. This lamellar structure is shown 
in Fig. 64. At 1400” F., a-iron changes over to the jff-modifica- 
ti^n, in which also cementite is msolubLe, and which has the 
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property of l>eing non-inagnetic. When the temperature exceeds 
1600” F., the y condition is produced, and cementite becomes 
soluble to a certain extent. A solid solution of carbon or of 
cementite in y iron is known as ma7*tensitef Fig, the name 
having been chosen as a compliment to the late Professor Martens 
of Berlin, one'of the founders of the science of metallography. 

The,diffusion of common salt in wates bears a strong resem¬ 
blance to the diffusion of carbon in iron, as will be evident from 
an inspection of the freezing point curves, Figs. €0 and 06. In one 
case water, and in the other iron, acts as the solvent, and the part 
played by common salt in the water solution is analogous to thaf 
of carbon when dissolved in iron. Take, for example, mild s^l 
containing 0*2 per cent, carbon in solutiod. D^ing the period of 
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caoliDg dowu from the inoUon state to about 1600^ F. -the steel 
exlsta in the form of martenelte, a solid condition corresponding 
to region L of the liqutd'water—ct>muion-9alt solution, Fig. (SO. 
Continuing the clK)ling below 1G0(F F., crystals of pure iron begin 
to separate out from tlic martensite. These iron, crystals corre¬ 
spond to the ice crystals wliieli separafe from the water—common- 
salt solution, and the martensitic condition of the steel resembles 
the ** mother-liquor " in the water—coinmun-satt solution. This 
Iron free from carbon is, as above explained, known in metallo¬ 
graphy as ferrite, and the separation of the ferrite crystals oou- 
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tinues on further cooling until the martensite, which originally had 
a oarbonieontepfc of 0*2 per cent., has been enriched to 0*9 per cent, 
carbon. This {)oipt corresponds to the proportion of j2S percent, 
salt in the *' mother-Jiquor ” of the water—common-salt solution, 
*which freezes at — 8® F, The solid solution containing 0'9 per 
cent, carbon is kno^n as the rMecHct and this condition is reached 
when cooling has gone down to 1260° F. * At this temperature 
' the substance changes over to the condition termed pearlite, which 
egrresponds to the freeing of the mother-liquor'' in the case of 
the water—common-salt solution. At temperatures between 
1600P and 1260° F., crystals of ferrite are contained In a 
*' mother-liquor '* ofcpear^. It should be pointed out that (ha 
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diagram, Fig. 66, bIiowh the cntiiplete histoi'y of the iron-cnrboti 
system, up to the maximuia peroeutage of carbon which the iron 
ifl capable of taking up. But the left-hatid corner of the diagram 
shown shaded is tlie only portion concerned In the explanation of 
the phenomena which occur through the range of carbonised 
irons from mild to hard steel. 

u 

Iroti-carhon HoUifcions with carbon content up to 0‘P per cent; 
reseiuble wator^ eoinnion 'Salt solutions in possessing three regions 
which are passod through in succession during the process of 
cooling down, if this be carried out to a sulUcient extent. In 
region I., Fig. 66, the iron exists in. martensitic condition or as** 
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Ferrito anil Marto»afl<c (.x Ferritti ami TearUle (x 360). 


a solid solution. This martensite is really the vdiry hard con¬ 
stituent of liar<loned steel, and the crystals show a peculiar 
interlacing needle-like structure, seen in Fig. 66. On’ cooling 
steel rapidly from a high temperature by quenching, the carbon 
remains in thS form of martensite, and the steel is Imrd. It is 
found that if the cooling is effected with extreme rapidity, as 
by quenching in water mixed with Ice, the structure of the metal 
when cold is practically the same as that which existed at the 
time of quenching. It is thus possible, by quenching the^ 
specimen at the proper temperature, to obtain microphotograpba 
showing the structure possesaed by the metal when hot, and,in 
th^s way it has been demonstrated that the same piece of metal 
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exhibits wholly different Btructnres at different bemperaturefl. In 
region II. (Fig. <i0), cryetald of ferrite are found embedded in 
martensite, tlie atructm^ heing indicated in the microphotograph 
Fig. 67. Within^region III., for temperature^ below 1260® F., 
ferrite crystaln are combined with pearlite, as shown in Fig. 68, 
in which the white ^reas represent ferrite, and the darker portions 
pearlite. With u steel containing 0'9 per cent, of carbon, ferrite 
does not crystallise out from the martensite, which remains 
unaltered until the temperature reaches 1260^ F., when the whole 
breaks up into pearlite. 

' With more than 0*9 per cent, of carbon, as for example, with 1*2 
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Flakes of lirapluti; (block), rcarfitc! (Un1f>touu), and I’errltc (Ugltt). 


per cent., solidification takes place over tk range of temperature 
from about 2680° to 2800^ F. At temperatures within region L 
the steel couaists entirely of martensite until it has cooled to 
1680° ^*.,#wbeh crystals of carbide of iron FeaC commence to 
separate from the solid solution. The carbide oi iron, known as 
ucementite, is hard, and does not occur in low carbon*steels. The 
crystals of cementite are .found embedded in amother-liquor '' of 
martensite. At 1200® F. the martensite changes into pearlite, as 
< before, and hence the normal structure of a high-carbon steel is 
pearlite and oementite. With the amount of carbon about 2*1 per 
cent., we reach the maximum limit for alloys usually known as 
Btee|p, any further increase in carbon producing what are correctly 
described as cast " 
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II the iron-cHrbon BolutioD poasessea oonBtderablj more than 
0'9 per cent* of carbon, and if in addition a fairly high silicon 
content be present, the whole of the carbon does not exiat ae 
cementite and pearlite only, 
but a portion makes its 
appearance as pure carbon, 
or graphite. The result is 
grey cast iron, Fig, 09, in the 
production of which the iQ:du- 
ence of some imparity such 
as silicon is essentiaE. White 
cast iron is formed when the 
whole of the carbon i« present 
as a mixture of cementite and 
pearlite, ah will be seen from 
Fig. 70, ill which the white 
areas consist of cementite, 
and the darker portions of 
pearlite. 

The microscopic examination of metals and alloys has 
developed very rajndly in recent years, and is now rocognised 
as an important branch of the science of metallography, to which 
as a separate subject the reader must be reierr‘3d. 



riU. 70.--"Whita GasI iron (Longmutr). 
Ccmeatitc (white), PoArJite (dAik), 
150. 
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CHAPTER XL 

SPECIAL GR ALLOY BTEEL^. 

The adiliiion of* couiparalivoly fiinall qimnfcitieB of certain 
ele2uciit4 to iiiikl alcol lia^ reHiiUed in the production of a 
numiier of alloys of conHiilorublo commerctal importance. The 
chief of ilioBo alloys, -whicli are named after ^the added metal, 
are the follf>wiii|»:— 

Kiokel Steel for Htruetural purposes contains aboiitO'25 per cent, 
of carbon and IV/iO per cent of nieljel. The valuable property of 
this niatenal is its high lulio of claKtic limit to ultimate strength. 
Compared with mild steel of the same carbon content, the 
ultimate etfcngtb is ineretwed about 20 per cent., but the elastic 
limit Ih about 50 per cent, higher. Its great resistance to 
fatigue I'Mulei'H it ospecially suitable for marine shafting, piston 
rods, etc. It is harder Limn carliou steel, and has a louver 
cuellicip?it of friclioii, uud has been largely used for the axles 
ol l<H:4>iiiotivu engines. Tlie ]jroportioii of nickel may be con¬ 
siderably itioroased, forniiiig valuable alloys for certain special 
purposes, '[’bus, an liiloy coutuiuing 25 per cent, nickel possesses 
the^nmxinuiui toughness,, and offers tho greatest resistance to 
rusting^ cori'osion,^ and burning at high toiiipurAtures, and has 
proved of advantiLgc in the manufacture of boiler tubes, valves 
,for use xvith superheated steani, valves for internal comhustion 
engines, levers and pine for make and break ignition, and spark- 
iijg plugs for ]ietrol motors. This steel does not, however, admit 
of case-lmrdcning, or of hardening in any other maimer. * For 
valves or other parts, portions of which are to be case-hardened, 
the proi>ottian of nickel should not exceed 3 per cent. A nickel 
steel alloy containing HC per cent, of the former metal is known 
as /niw, and as it possesses the remarkable quality that its 
expansion under ordiimiy changes of temperature is practically 
seero, it is in great request for measuring instruments and 
standards of length-for everyday use. 

,, Chrome Steel is usetj fur ball races and balls of ball bearings, 
and in the hardened state, has a ciusbing resistance of 360 tons 
per square Inch. Chrome steel usually contains in addition some 
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other eleznent, as nicke], tungsten, or vanadiuu)* A nicke2*chrome 
steel containing d'25 per cent, nickel, 1*50 per cent, chromium, 
and 0'25 per cent, carbon, is much used for armour plates, the 
carl>on content on the outside of the plate being subsequently 
increased to per cent, by cementation, or ** Ilarveyising/' 
which, while still bright red hot, may then ho-reudored intensely 
hard by c^ld water spray. Niekel-ehrome steel is the material jmr 
ei-cnlleHrt! for armour-piercing projectiles, which contain carbon 
0‘5fi per cent,, cbrojuiiim 0’65 per cent,, and nickel 2’<)0 per cent 
Chrome-nickel steel is extensively used for motor-car crank- 
shafts, a\les, and gears, requiring great strength and toughness. 


Hleohanioal Properties of Nickel and Hiokel-Chrome Steels. 


Alloy Hfccl. 


! 'i Nickel Steel j 

j CbrojuH-Nickol-— 

: {Tough) .. 

I (Caee-haideiiiii'g) | 
I (Air-hai’dening)' | 

j (Oil-hardening) 


Oon<lilion. 

r(>nAil<! 

Limit. 

StiUDgtIl 
t Kr|. il». 

urn- 

mate 

Klon- 

gatiori 

per 

CGUt. 

•n J;i». 

Con- 
tractin» 
of areu 
[)crmit. 

Ah it>llcd 

290 

44 0 

32 

54 

Qil-tempercd 

80-0 

83-5 

16 

42 

Normal 

255 

aso 


60 

Normal 

250 

,470 

48 

66 

Nob hai'daning 

42*0 

51-0 

26 

65' 

Annealed 

320 

514) 

24 

55 

CaHU-hardeu6il 

700 

83*0 

13 

50 

Annealed 

400 

60*0 

24 

55 

Air-hardened 

950 

115*0 

13 

4<M 

Annealed ... 

37'0 

54*0 

23 

55 

OiUhardenod 

920 

105*0 

9 

25 

Tempei*ed blue 

82*0 

95-0 

' 11 

45 


Steel has been shown tq possess great 
strength, together with the power of resisting,audden shocks and 
the effects of rapidly alternating and repeated stresses in a very 
high degree. Being as easy bo forge alid m^hiAe as carbon 
steel, it has been much used for crankshafts, live axles, gear 
wheels, etc., for motor-car work. Ohrome-vadadium steel has 
proved particularly suitable for springs, having a limit of 
elasticity double that of ordinary carbon steel. For this purpose 
the composition would be; Carbon, 0'50^per cent; chromium, 
I'O to 1'25 per cent.; vanadium, 018 per c^nt.; Aumganese, 0*8 to 
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1*0 per cent. Grankaliaft aleel, to be oil-tempered^ ie eotnposed 
of 0*26 per cent carbon, yo per cent, chromium, and 0*18 per 
cent, vanadinnt. ^Ita elastic limit is 60 tons per square inch; and 
ultimate strength 62 tons per square inch, the elongation being 
22 per cent, on 2 inches, and contraction of area 60 per cent. 

Mauyane/ie Steel^^ introduced bj Hadtield, contains from 10 
to 16 per cent, of manganese, and from 0*4 to 2 per. cent, of 
carbon. It possesses great strength, reaching BO to 70 tons per 
square inch; but the elastic limit is very low, usually about 
80 per cent, of the ultimate strength. Its chief characteristic is 
its extreme hardness, on which account it cannot be machined, 
and it is diiScult to forge or roll. Jt casts well, however, so th»»t 
its use will probably be confined to articles which have to resist 
wear, such as tramway points and crosHings, parts of cniKbing 
and grinding machinery, etc. 

Tungat^in SteH .—has long been known that the effect of 
tungsten is to render steel self^hardening," a propeiiiy of which 
advantage is taken in the well-known ** Mmhet *' »tecl, which 
may be worked in the ordinary way at a red heat, and becomes 
hard when allowed to cool in air, without quenching in water. 
As made in Sheffield for many years past, thid contains f) per 
cent'of tungsten, with 1*85 per cent, carbon, and 1*6 per cent, 
manganese. It is still i^iuch priised as one of the best tool 
steels for machining with heavy cuts, and it is also largely used 
for making permanent magnets. It was whilst experimenting 
Sivffli'thia steel that Messrs. Taylor and White, of the Bethlehem 
Ironworks, U.S.A., discovered that by a special heat treatment 
a tool could be made to retain its strength and hardness by 
beating to a yellow heat before cooling. This enables the 
cutting to be increased to such an extent that the point of 
the tool becomee red-hot when at work, i*e., the Bt3el possesses 
the property of " retb hardness." The ** Taylor-lVhife" high-speed 
steel is said to^have the following composition:— 


Carbon ^ . 


a « 

I’er Cent. 
0*68 

Tungsten . 

. 

. 

. 1800 

ChmmiuDi * . 

. 

. . 

. 5-75 

Manganese 


. 

0*09 

Vanadium « . 

, 

, 

0*80 

Silicon . ^4 


t \ 

0*46 
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The beat treatment employed oonaista in raising the steel to a 
temperature of 3800^ P., and then cooling in a blast of cold 
air (see page 124V 

It should h& undoretood that the very remarkable properties 
of the various alloy steels can only be secured by proper heat- 
tr<fatment. This demands*^ great skill and experience, and con* 
atitutes^one of the most striking applications of metallurgical 
science. 

Some useful infonnation on alloy steels is contained in the 
following tables, which have been furnished by the American 
Vanadium Company, of Pittsburg, U.S.A.:— 

(1) Results of comparative tests on different varieties of iron 
and steel to determine relative strength and resistance to fatigue. 

(2) Conipositioti of chrome vanadium steels. 

(8) Mechanical tests of typical alloy steels. 



Ta'iile 2.—Tjrpes ofiTanadium Stael. 








RwolfB of Mechanica] Tests of Typical Yanadlum and other Steele, suitable for 



All figures jvere obtained uiidTr comparative couditious. 
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THE HEAT TBEATMBHT OP STEEL. 

In prnctiee, carbon steel ia conveniently clasaified into mild 
Bteel, strong steel, and tool steel. Mild steel containing not 
Tnore than 0'*25 per cent, carhoii is not appreciably hardened if 
heated to bright redness and suddenly cooled by quenching in 
water. On the other hand, tool steel containing 0*7 per cent; 
or more of carbon would be rendered very hard and brittle by this 
treatment.. The degree of hardness produced increases with the 
percentage of carbon in the steel, and wit)j the rapidity of cooling* 
It is also essential that quenching should be done at the correct 
temperature which varies with the grade and quality of the steel. 

There is for each grade or temper of steel a temperature . 
l^mit above which it must not be heated in the hardening process. 
Information on this point should always be supplied by the steel 
maker, but average vt^lues are given in the following table:— 


Glaasifloation of St^el according to Carbon Content 


Temjicr " oi- 
Dcgive of 


('ai'bun 

Tem- 

KxAnuiles of Pjie. 

per 

ociit. 

[leraiuiv 

Ltmit, 

K." 

V 

Mild Stool for Boiler Plates . 

020 


— 

Structunii Steel . . i ' . 

PACT 

— 

1—. 

ilails . . 

0*46 

— 

Die Temper . 

Ispntigs, sledge bivnmiers, stamping 

mgEm 

■Sni 


dies- 4 



Sett Temper . 

Miner’s drills, &c., stonemason's 

■i»:« 

wmi 


tools; smith's tools. 


1380 

Cftisel Temper 

iTainrnerg, cbisels, woodk'orking 

■BOM 


tools, saws. 



Drill Temper . 

Cutlery, knives, scifsors, drills, 

1*10 

EE^ 


axas picks, punches. 



Turning Tool 

foathe and planer-tools, files, taps, 

1-20 


yemper 

1'eamei‘s. 


. 

Bazor Temper 

^zors} surgical instruments 

1-30 
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It is now known (hat a difference in temperature of 10® F. is 
Bui&cient to account for the difference between good and bad 
hardening. It follows that the methoA of estimating temperature 
by reference to colour—as in speaking of white' heat, yellow heat, 
bright red beat, etc.—cannot be suAficiently accurate, and the use 
of gaa heated furnaces, the temperature of which is controlled by 
pyromefers, has now become general - 

Hardening and Tempering of Steel,—Advantage is taken of the 
property just described in the production of edge and cutting 
tools of all kinds, and efficient hardening is therefore a matter 
of great practical importance. Suppose a piece of tool steel lb 
heated in a furnace, the temperatnre rising at a uniform rate 
of (say) 20° per minute. On reaching a temperature of about 
1340° F., a short period will elapse during wliiuh the steel does 
not bucouie any hotter, although the temperature of'tbe fumiice 
continues to rise as before. After passing this critical point, 
known its W or Aci, the temperature of the steel will follow the 
same uniform rate of increase as before, and may be allowed to 
reach (say) 1400° F, The furnace may now be shut off and, with 
the steel, allowed to cool down uniformly at the same rate 
when heated, vi^., 20° per minute. When the ^mperature 
has fallen to about 12^° F„ cooling *of ihe steel will be 
temporarily ** arrested " for a short i£)aoe of time, or it mc^y be 
that it actually bocomea slightly hotter, in spfte of the fact that 
cooling down of the furnace proceeds at the same rate as before. 
After passing this point, known as V or Ari, the steel continues 
to cool at a uniform rate. This remarkable property is known as 
rf;cf:de6renee, anditlias an important bearing oti the hardening of 
steel. The critical heating temperature Acj, mu^t just be reached 
or the steel will not be fully liardened on quenching, l^rdeniiig 
may also be effected at any temperature during codling before 
reaching the point Ari. The best practice would seem to be to 
heat the steel about 30° F, above the point Aci, allow it to cool* 
uniformly to within 30° of the point Art, and thei> quench on the 
falling heat," as it is termed. The correct hardening tempera 
ture for any steel may be ascertained horn the appearance of the 
fracture by quenching specimene at diffigrent temperatures, ^ 
extremely ffne grain is obtained when the exact temperature has 
been reached, the grain becoming coarser as the temperature at 
* quenching is raised. Quenching ia heq^l per^rmed in some liquid 
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usually water or oil. WAlOT^ having the greatest capacity for^eat 
of all known substaiicos, producoB the greatest hardnesB. Oil 
hardening is resorted to Vnera toughness is more important than 
hardtieBB, as in the case of springs, sawS} etc. Kteel quenched in 
water from the proper temperature Is glass bo^d^ and is said to 
be hardened right put.^^ In this condition it is much too brittle 
for any practical purpose such as the point of a cutting tool, 
and it becomes necessary to eacrifice some of the hardness in 
order to obtain strength and durability. The process of 
"tempering” is therefore resorted to, the degree of hardness 
being " let down ” to suit the intended purpose. On beating a 
piece of hardened steel which has previously been polished, a 
BerioB of colours, due to the thin film of oxide which forms upon 
the surface, will appear in a certain deRiiite order. The colour 
produced id a rough indication of the temperature to which the 
hardened stoel has been re-heated. If only slightly wanned, it 
will 1)6 found on again quenching that the steel has lost very 
little of its hardness, but the higher the temperature to which 
it 18 raised the less the hardness remaining after sudden cool¬ 
ing. Each colour roughly denotes the temperature corresponding 
to a certaiiT degree of hardness, which in practice may be found 
suitable for some particular purpose, as shown in the following 
table • 


Table of Colours and Temperatures for Tempering Steel. 


. —--—^ 

i'oloiir. 

c 

Teni. 

|H.>rftlurc. 

1 

I'urpoee. 

*’ 1 

Faint YbJlow 

430 

Surgjcu.1 iiisirumonts, )*azor.s. 

' Pale Straw . 


Turning and planing tools, imlling 
cutters, hanitner faces, paper knives. 

Dark Straw. 

480 

Ciiasors, taps, screwing dies, shear 



biiides, rock drills, reamers. 

Hod Brown . 

510 

« 

Punches, reamers, stonemason's tools, 
axes, plane irons, twist drills, pen- 
knivoH, sussora. 

Purple. 

640 ‘ 

□hipping chisels, smith's tools, table 
knives, cold chisels, hack-saws. 

Bine . 

m 

Swords, springs, saws for wood. 






THE HEAT TREATMEKT OP STEEL. 


128 


Hi^h-8p6€d Steel.—It will be seen that carbon steel Iobob itfi 
hardness at about 560® P, When cutting metal in a lathe or plan¬ 
ing machine, the heat developed by fridtion at the tool point is coq« 
siderablc, and as the temperature must be kept down to avoid 
** drawing the temper/' the speed of cutting is limited. This 
led to the introduction of high-speed tool steel which depends 
for its properties, not entirely on the amount of carbon contained, 
but mainly on the presence of certain other elements, of which 
the most important are tungsten and chromium. Such steels 
are not iiardened in water hut in a strong blast of air from a fan. 
They are forged at a bright red heat (1600® F.) and for hardeif- 
iiig are heated slowly up to bright red and then quickly to a 
white heat P.) f>r until the steel appears to be on the 

[K]int of melting or running. The critical temperature to which 
liigh-spoed ateet may be Hubjected when the tool is at work is 
about and the higher the hardening temperature above 

this critical point, the higher the temperature which 'the steel 
will endure when cutting. At the high temperature thus possible 
and with speeds of 100 to 150 feet per minute, the cutting 
removed by a turning tool from a steel shaft smokes and becomes 
blue. Under such conditions the point of the tooPis dull red 
hot, and the heat generated is suHicient fb draw the temper of 
the shaving to a dark blue. The speglaUcharacteristic of high¬ 
speed steel ia the property of ** red hardness,*' or the ability to 
resist the softening effect due to the heat generated in cutting, 
tf cooled from al>oat 1750® F. high-speed steel is probably a^hard 
)itt it can be made in a cold state. But it does not possess the 
property of red hardness, and is probably little siqierior in 
^mdurance to carbon steel. Its qualities can only be fully 
^levtiloped by heat treatment at a high temperature. • By re¬ 
heating to ^2800® F. the cutting properties are incr&sed to at 
least four times those of the same steel treated at 1750® F. 

The Haixlening of Carbon Steal comprises thi*ee distinct' 
operations:—(1) Heating to the recalescence point (say 1300® to 
1400® F.) to bring t£e carbon into the dissolved or hardening 
form; (2) sudden cooling by quenching, to fix the dissolved carbon; 
and (3) reheating, or tempering, to giv^ the required degree Af 
hardneea combined with toughness. In beating, it Is essential to 
maintain a uniform and exact temperature, for which a 
•fwrnace is eminently suitable, and ua^ of a pyrometer is 
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indispensable. It is most important that irrogularlj shaped 
articles should be heated uniformly throughout^ which is best 
attained in the method of heating by immoTBion in a liquid) the tem* 
peraturebf which can be regulated and recorded with the greatest 
ease. The use of molten lead for tins purpose is well known, and 
more recently a bath o/fusible satis has been employed with great 
success. Nor carbon steel the ** melt’* consists of a mixture of 
common salt, soda, and borax, which becomes liquid at a tempera¬ 
ture of 1470° F, and which iscouiained in a steel pot or crucible 
placed in the centre of the furnace. The articles to be heated 
•are placed on a tray capable of being lowered into^ or raised from 
the bath as required. By means of a thermo-couple pyrometer 
inserted through the.cover of the furnace the temperature may 
be read off to 2° F, For quenching, the tanks or “ boshes " are 
beat mado with au outer casing or jacket, through which cold 
water may be caused to circulate, to keep the liquid itself at a 
constant temperature. 

Ternpcrmff is best performed by immersing the hardened 
articles for a given length of time in a bath maintained at a 
definite temperature as required (see table, p. 122), a thermo¬ 
meter graduated to 600° F. being permanently ffxed in such a 
position that tbe^ readings maybe readily taken. Oil of high 
flash point (say 670° F.) is probably best for temperatures up to 
480° F. eorrespoLding to dark straw. Beyond that, a bath of 
fusible salts, or an alloy of lead and tin may bo need. Alter 
^remaining in the bath for a suftlcient length of time to acquire the 
temperature of the liquid, the articles are withdrawn, usually in a 
wire basket or strainer, to receive the flnal quenching. 

Springs are tempered by the process known as “ blazing off.” 
After dipping in oil of suitable flash-point, they are heated until 
the oil burns with a white flame, when they are quenched. 

The Hardening of High-speed Steel is effected in two 
* stages;—(1) heating slowly to bright rod, and then rapidly up to 
about 2300° F.; (2) cooling off in a blast of cold air, or wi^ some 
varieties of steel, quenching either in a bath of oil or paraffin 
maintained at the proper temperature, or in a "low tempera¬ 
ture melt of fusible salts. For heating on account of the high 
temperature, it is necessary to use a blast, or " high pressure,*' 
gas Jumace, worked with either air or gas under pressure. The, 
moat convenient pljn is to employ gas at ordinary pressure, and a^r 
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supplied by a positive blower, at a pressure of l*or3 lbs, per sq. inch- 
The heating, being performed in two stages, is best carried out in 
ft furnace of the twin-chamber " type, ds made by Mr. 8. N. Bray- 
shaw, of Manchester, in which the heat from the lower chamber 
passes through the upper one on its way to the Sue. The upper 
chamber is used to pre-hcal the steel to a temperature of about 
1000° F^whon it is rapidly transferred to the bottom cbamber, 
in which the hardening temperature of 2300° F. ia reached as 
({uickly as posaibre« This is done to avoid scaling anddeoarboni- 
sation, which would occur by too long exposure at so high a 
temperature* For the same reason, when hardening high-speed 
nb^el it is desirable to work with a reducing atmosphere. 

A form of furnace possessing many advantages is one in which 
a bath of Ixirium chloride, which melts at 1740'’ F,, is maintained 
in a molten condition by means of an clociric current flowing 
l>eiweeu wist iron electroilos immersed in the salt* The atmo¬ 
sphere is entirely excluded from the objects to be heated^ and the 
temperature is easily adjusted by simply regulating the current* 

For quenching, an open bath is us^, consisting of a steel pot 
in a fire-brick liiie<l furnace, heated by a high-power Bunseh 
burner. A low temperature ** melt" of fusible sa^s such as 
nitrates of potash and soda in equal parts Has the advantage that 
it may be kept at the correct temperaturo^ just above the fusing 
point, without the use of a pyrometer. It is Claimed that steel 
treated in this way is harder and more uniform in texture 
than if cooled in an air blast, and the open bath is mor^ 
economical, both in first cost and working, than a fan or air 
compreBBOL'- 

Theory of Hept Treatment.—Strictly speaking the hardening 
and tempering of tool steel is to be regarded as one forrq of heat 
treatment, and in. dealing with that part of the aubjeet,*it has been 
shown that the condition of maximum strength in steel is identical 
with fineness of grain,coarse structure, on the other liand, being' 
synonymous with weakness. It may be said that the main object of 
heat treatment ia to reduce the grain of the material to the greatest 
possible degree of fineness. Steel has been described as a ** solid 
solution of carbon in iron, and it may assumed that iron dis¬ 
solves carbon just as water dissolves salt. At a high temperature 
the carbon is in solution in what is known as the hardening/orm, 
but on cooling down to the recalescen^ pojnt it can no longer 
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exial; in this condition, and it eeparates oat of solution, being 
thrown down as a definite carbide, FeaC, known as cementite. 
The celebrated Swedish metallurgist, lirinell, baa shown that the 
tempemture W, at which the carbon passes from the carbide to 
the solution or hardening form, coincides with the development 
of maximum iitieness of grain* The Ibwer limit, V,at wiiioh the 
carbon olmngee from the hardening to the cemeutite form, is 
fleparatad from \V by a range of 40^ or 50^^ ¥. These iimifce, W and 
V, coincide with the recalescence points Acj and Ar^ on the heat' 
ing and cooling curves respectively* By heating to W, followed by 
H^ow cooling, tinenoss of grain is retained* Heated to W, and 
cooled suddenly also preserves the fineness of grain, but the steel ^ 
is fully hardo7ied* It will also bo fully hardened if first healed 
above AV, thou allowed to cool down to W, and there quenched; 
but the grain will Iki coarser than would be obtained by heating 
to W and quenching from that temperature. 

Above \Y the grain liecomes coarser the higher the temperature 
from which cooling takes place, and the slower the rate of cooling 
the larger are the grains. At about 2000* b\ carbon steel is 
“ imrnt,” tlie structure then consisting of large crystals partly 
separated frem each other by a film of oxide. From tliis state the 
origin^) condition (;aiiiioi be restored by any form of heat treat¬ 
ment other than re-melt'iig^ 

Annealing.—Thetsimplcst form of heat treatment is anneal¬ 
ing, the object of which is to relieve internal stresses induced by 
the operations of casting, forging, rolling, stamping, wire drawing, 
elc. It is well known that the mechanical working of metals, 
especially in the cold state, renders the material, harder and 
stiffer and may ^en induce brittlenesR, Bright atecl l>ar for 
use in turret lathee and automatic machinery undergoes a process 
of drawing io bnng it exactly to size and may have its ultimate 
tensile etrength incj^eased from 2C to 35 tons per sq. inch, cionga- 
tion being at the same time redneed from 26 to 16 per cent in 
8 inches. The original coadition can be restored by annealing 
and the material is*then said to be nonmiitted. In this case, 
however, annealing would destroy the bright surface of the bar, 
and the metal must therefore be left in its untreated condition. 
Xfi'e object of annealing is, in general, to lower the ultimate 
strength of the material and to increase the elongation and con¬ 
traction of area, thu^ prolacing softness and ductility and the 
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ability to offer the maximum reBisfcaace to itbpact and sadden 
shock. 

Annealing consists in beating the material up to a certain 
cleffnite temperature, which is maintained for a sufficient length 
of time to liberate any internal etressee, and iH generally followed 
by slow cooling to retain th<i finely crystalline structure. Brinell 
has shown that the proper temi>erature for annealing steel is a 
low yellow heat slightly above W, i.e.^ the recalesceuco point Ao] 
on the heating curve, about 1350^ P., and that the effects of 
mechanical work may he removed by heating through the range 
V to W. Slow cooling is effected by covering with a layer o^ 
ashes or other non-conducting material, or in some cases, simply 
Ifi tlic open air. Steel castings are invariably annealed, usually 
in a gas-ffred furnace of the reverburatory type, which, after the 
lefiuisite heating, is carefully luted up to ensure as slow cooling 
ntj possible. Silver, copper, and certain bronze alloys are 
rendered softer and more malleable by rapid cooling, dppper is 
^innealed by boating to 1340'^ F. followed by sudden quenching 
in water, hut it Is found that lirass used in the manufacture of 
wii tridge canes may ha cooled either suddenly or slowly without 
affecting the quality of annealing, the most suitable temperature 
being F. . • ^ 

Carbonising or Case Hardening is a fo^m o1[ heat treatment 
designed to produce a hard wearing surface onra tnugh interior. 
The pro(H>ss is applicable to wrought ii'on, mild steel and 6erlaiii 
of the alloy steels and is in principle the some as the cementation 
process for the manufacture of crucible cast-steel described at pT hi. 
The articles to be treated are placed in a cast-steel box and 
packed round with carbonising mixture. The cover is then luted 
on, and the box raised to a bright cherry red heat, say 1750° F., 
preferably in a gas-fired oven or furnace, in w^bi&h a^reduclng 
atmosphere ‘is maintained, the temperature being regulated by 
moans of a pyrometer. Tho temperature kept up for some 
time, depending on the depth of “ case *’ ^e<]uired, apd the carbon¬ 
ising medium used. The box and its conteuts^ro allowed to cool 
down before opening, and after cleaning, tlje articles are ready lor 
the second operation of re-heating and quenching. The surface 
to the depth of ^inch or more has boetf converted into high- 
carbon steel, which is hardened by this latter treatment j^he 
I core in the interior is required bo romaiir touch and ffbrous, and 



128 MECHANICAL TECHNOLOGY. 

it 16 desirable to bring out fully the fine-grained structure by 
a Beoond heating to the proper temperature^ aay 1600^ followed 
by quenching in cold water. 

Mesnrs. Vickers Lt<h, of Sheffield, state that a much better 
result is obtained by first heating to 1650''F. and quenching in 
cold water, then 1 ' 6 -heating to 1450^ rF. and again quenching in 
cold water, Thia gives n fine white glass-hard skiu, with a very 
tough and fibrous hacking. 

The case-hardening mixture consists of certain substances rich 
in carbon, usually of organic origin, and containing also nitio- 
genous matter. The presence of nitrogen appears to be essential, 
carbon alone being very feeble in its action. Bone dust, horn, 
hoof and hide clippings, scraps of loalbor and similar substances 
are specially prepared by caleinafciou and charring, and sometimes 
mixed with a quantity of vegetable oil. t’ortain cbeuiicals, such 
as barium carbonate and yellow prussiabe of potash, are also 
occasionally added, and this latter substance alone when powdered 
and sprinkled upon a surface of wrought iron or mild stool which 
has been raised to a cherry red heat, is capable of producing a 
tery thin casing. 

To prodiAce a case-hardened article having a hard skin with an 
interior core of ^tougb ductile character capable of resisting 
fracture under shock, jt is not essential, as commonly assumedt 
to use very soft staalof low‘tensile strength. Case-hardeiting nickel 
steel id now produced, giving an exceedingly hard skin with an 
interior core of high tensile strength, but at the same time, an 
entire abeence of brittleness. Messrs. Vickers Ltd., who are well 
known asmakors of this and other types of special steel, state that to 
obtain a ifaiekness of skin of inch, suitable for gear wheels, etc., 
the articles should be heated to 1750° F. in any commonly used 
casing mkturk , At the end of 2 or S hours the box containing the 
articles should be allowed to cool slowly. When cold, they should 
be removed and heated in a gas mulRe furnace for hardening. 
With case-hardening nickel steel, two entirely different results 
may be obtained 'by hardening in cold or in boiling water. 
Quenching in the datter gives a rather softer skin, and a much 
^i^fter core. For hardening in cold water, the temperature 
should be raised to 14Ck)° F., the steel removed from the furnace, 
allowed to cool a few degrees in the air, and then quenched. To 
haidon ip boiling ^ater; the article is heated to 1450^ F.^ and at 
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once plunged into actually boiling water. The leeults obtained 
are shown in the following table ;— 


Tenelle Tests of yiokers* Case Hardening Niokel Steel. 


ConUitioa. 

KlMtic 
lilmlt. 
Totu per 
sq. in. 

Ulttm&t-c 
Str«Dgt1i. 
Tons per 
sq, in, 

RlonKa* 
t‘on. . 
I’tr cent 
oil 2 ins. ! 

TUilnc* 
[ion of 
Arc». 

I’CT c«»t. 

Softened for macliining 

28'0 

33-0 

33*0 


! Quenched in boiling water 
from F. 

300 

36-5 

32-0 

70-0 

• Quonclied in cold water 
from U-W r. 

61-C 

67'G 

ItiO 

’ 57 0 


The special alloy steels bo much used in motor car construction, 
where it is desired to bring out great strength and toughness, 
together with fatigue and shock-resisting properties, are subjected 
to a form of heat treatment which must be carried out with great 
care and extreme accuracy. For instance, chrome-vanadlunt 
steel for crankshafts is first heated to 15G0*^ F. for |•hour, and 
is qnencbed in oil. It then undergoes a prece^ of annealing for 
about 8 hours in a bath of molten lead^ and is finally allowed* to 
cool down in lime* 
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NOH-FERROUS METALS. 

COPPER. 

Of all the metale used in engineering work, copper stands 
fiext in importance to iron. Copper is the only red metal, and 
when pure it is remarkable for its extreme toughness, mallea¬ 
bility, and ductility. On this account it has been largely use^ 
for steam and water pipes, lietnispherical stills, vats, pans, etc. 
“ Solid drawn ” copper pipes are produced up to about 6 inches 
in diameter, larger sizes being made from sheet, bent or hammered 
to the rcxpiired form, and brazed at the joints. Copper is an 
excellent conductor of heat and electricity, being in this respect 
second only to silver. For this reason copper in the form of 
\lire is used to an enormous extent in electrical engineering. It 
remains umiltered on exposure to air free from carbon dioxide 
and Qther acid v^poArs ; hut when these are present u coating 
of basic salts of a lieaut^ful green colour is formed upon the 
surface, rendering^he metal almost Indestructible. Sheet copper 
as a roofing material takes high rank, as it may be easily 
ad^ted to any shape, and is very light. Copper can be forged 
at a red beat, but will not weld. It melts at 19(XP F., but 
copper castings are very liable to be blown and to contain 
cavities due tcT the presence of oxide. Copper rapidly loses 
strengtji at inodemte temperatures, and is not suitable for use 
■with high't^ressuro steam. Nevertholoss, by reason of its high 
thermal conductivity and ability to resist corrosion, it k in great 
demand in this country for the fireboxes of locomofivo engines. 
It is in the production oU a large number of useful alloys, which 
will be considered ^later, that copper find% its most important 
industrial application. 

^ Oocurrenoe and Reduction of Copper Ores. —Large masses of 
native copper are foun«l in the Lake Superior district, and iu the 
fornj of grains distributed throughout the rock it occurs in Chili 
and in Cornwall. '^^The *most important ore is copper pyrites,. 
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which has the composition CuaS, F 02 S 3 5 =* CuFeSj, and is found 
in great abundance in Cornwall, Sweden, Germany, and the 
United States. Extensive deposits of red and black oxides also 
occur in Cornwall, Australia, and elsewhere. Tlie ore raised in 
Cornwall is sent to South Wales to be emelted, the method of 
reduction being in conseg^uence known as the Welsh process. 



Frrj, 71,—Copper Smeliinp Furnace. 


It comprisea aix distipet operations, airof whicli are carried out 
in reverberator; furnaces of the type shown in Fig. 71. The ore, 
which contains 10 or 12 per cent, of copper in the form of 
sulphide, is first calcined at a low teuipevatare, the charge being 
introduced through hoppers in the roof of the furnace. A large 
(juantity 0 ! sulphur is driven off, and*the roasted ore is i^ked 
‘out into a chamber below the furnace a£d allowed to cool. 

jc2 
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The chemical reaction which occurs may be represented as 
follows 

2.0uFeB]) 6 Oj = CuaO + FejOa ^ 4 BOj. 

At the eamo time, the bisulphide or iron pyrites, FeSa, present 
in the ore, is reduced to ferrous sulphide, thus ;— 

FeSa + 03 = FeS + BOj, 

Id the second operation, the roasted ore is fused with a quantity 
of slag from the fourth stage, fluorspar being added as a flux, if 
necessary. The oxide of copper reacts upon the sulphide of iron, 
forming sulphide of copper and oxide of iron, which latter, 
together with that produced during roasting, combines with the 
Jlux to form slag, thus:— 

2 CuaO + 2 FeS + SiOa = 2 CuaS + BiOa. 2 FeO. 

The '* regulua,'' consisting of sulphide of copper and sulphide of 
iron from the ore. collects at the bottom, with the slag floating 
above. (This fMrnaci as it is termed, is skimmed off by 
means of a rabble and drawn out into a bed of sand. The 
BCguluB is then run out into a trough of water below the furnace 
for granula^tion, or into a bed of damp sand, when it is known as 
"coarse metal.” In the third operation, the coarse metal is 
brok^ up and rdasted with slag from the fifth process in the 
calcining furnace,^.with repeated puddling of the charge. In the 
fourth operation the roasted coarse metal is fused with slag and 
oxidised ores in the “ metal furnace,” the same reaction between 
the'bulphides and oxides taking place as in the first operation. 
The object at this stage is to get rid of the iron, leaving a rich 
" matte” which is mainly copper disulphido, known in suioUing 
works as " white metal.” The metal furnace staff formed at the 
same tlm^ may contain 5 or 6 per cent, of copper which, as 
already described^ is recovered in the second operation. In the 
fifth stage, fine metal in the form of pigs from the previous 
operation is roasted by exposing it when molten to the action of 
a strongly oxidising atmosphere in the calcining farnace, thus:— 
2 CuaS + 3 Oa = 2 CuaO + 2 80a. 

^The slag is repeatedly skimmed off, and a violent ebullition takes 
place, sulphur dioxide being liberated by the aotion of the oxide 
on the sulphide:— 

2 Cs:iaO + CuaS ” 8 Cna + SOa* 
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T}ie pietaltic copper b6 formed ie ruii ol! into sand mouldSf and 
chhI into pigs. After eolidi^cationr the resulting metal is found 
to be full of blowholes and to have alsliHiered appearance due le 
tlie escape of sulphur dioxide^ whence it is known as ‘^bliatei 
copper/' The sixth, and final atage ia that of Tetining and 
toiighoning. A oliarge of'blister copper h melted on the bed oJ 
tbo refining furnaoo, ekinnued, and worked aa clean as possible 
by exposure to an oxidising flame for several hours. The object 
ia to roiiiovo the more readily oxidisable impuiities in the form 
of oxides, especially bismuth, antimony, tin, lead, and arsenic. 
Theae are accompanied by a certain amount of copper which has 
jjGen oxidised to cuprous oxide, and together go to form a slag 
witii tho silica from the sand bottom of the furnace. Uufor- 
ttiuately some of the cuprous oxide is at once dissolved in the 
7 Uolieti copper, and to effect its removal, the process known as 
is resorted to. After removal of the slag, the surface 
is covered with powdered charcoal, and the niefdl stirred 
vigorously by means of a bhoh pole. This sets up a violent 
obullitiou due to the escape of steam and gases, thus bringii^g 
Ifie cuprous oxide into intimate contact with carbonaceous 
matter, and reducing it to meballle copper with the disengage- 
inent of carbonic oxide. A test of the metal repeatedly taken 
in a small ii'on ladio, aud when it fargef^ and ma/ he 

liammered out fiat without crocking at the edges, it is. said to 
havO reached “ tough pitch/’ It is tlien ladled out of the 
furnace into cast iron moulds in the form ol either ingots or 
slabs, which, when solid, are dropped into water. 

At Mansfeldt in Prussia, in Tasmania, and a|HO in America, 
oxides and carb.oiiates of copper are smelted In water-jaoketted 
blast furnaces, with coke as fuel, and a suitable ftiyc, >such as 
oxide of iron to form slag with the ailica. 

Blast Furnaces for Copper Smelting for the production 
of “matte” from pyritic ores, or of “black copper” from 
carbonates and oxides, may be made of*clrcul$r fdrm for treating 
small quaiitltiee not exceeding 80 ions of ore in twenty-four hours. 
It has, however, been shown by experience that 24 inches is about 
the limit of penetration of the blast ut^er normal condition^ 
and consequently circular furnaces should not be made more 
than 48 tnebes in diameter. For dealing with large quantities, 
the rectangular furnace has been adopted, ct which an example 



1*'IQ. 7S,—tificUngolAr Dlnst FurnAcc far C'oppiT Hmelting. 


of py^ilic ore per twenty^oor hours, is fitted with a water-jacket 
of steel plates, the Jh»por«portion, supported on a mantle frame' 
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rostiag on pillaL's> being lined with brickwork and surmounted 
by a conical hood terminated by a steel chimney stack to carry 
away the products of combuslion. T^e main blawt or “ bustle " 
pipe is independently connected with each of the 12 tuyeres, 
which are arranged 6 on^ each side of the furnace, and each 
tuyere is provided witli its own regulating valve, so that any one 
can be closed without interfering with tiie others. The charging 
doors of plate iron are counterbalanced, and are placed on each 
lung side of the furnace. The furnace is provided with a cast 
iron bottom or “ crucible '* mounted on screw jacks, and for 
easy removal it may be lowered on to a wheeled truck, Fig. 73, 



t'lO, 73.—Bottom for Copper Smelting Furnace. 

and rolled out of position when a new bottom is to be substituted. 
The crucible is htted with slag and matte spouts, ^vlfich are 
sometimes •water-jacketted. As the specific gravities of the 
matte and slag do not differ greatly, some time must be allowed 
for their separation. This may be effected either inside or 
outside the furnace. .For smelting black copper *or rich mattes 
the cmcible is made deeper to allow the slag to collect, the 
matte and slag being tapped direct from the furnace through 
two tap holes at different levels. Mattes containing a low 
centage of copper have a highly corrosive action on the bottom, 
and it is therefore preferable to provide a ** forehearth ** ^here 
'the separation of the matte and slag can tftlie place outside the 
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furnace. In this case, the erueible is made shallow and ia 
provided with a water jacket, the products of smeUitig jHiasing 
away by a syphon spout to the forehearth* which is thickly lined 
with firebrick or magnesitej and mounted on wheels for ready 
removal. The blast, at a pressure of about 1 per square inch, 
ia supplied oitlier by a fan or a Roots' blower. 

The Wet op Leaching Prooess is used at Bio Tinto in 
Spain for ores in which the copper is present as carbonate or 
oxychloride, in a gangue of siliceous material. The ore ia broken 
to pieces and is placed in the leaching vats, which are usually 
of wood lined with lead, and measure about 12 feet square and 
4 feet deep. Dilute sulphuric acid is then run in, and is kept in 
circulation until solution is complete, heating by steam being 
resorted to if necessary. The chemical action is as follows:— 

CuCOa + HaSOi = CuSOi + COa + OIT3. 

Copper may also be converted into sulphate by calcining ores 
containing pyrites at a low temperature;— 

2 CuaS + 6 Og = 2 CuSO^ -j- 2 CuO, 

’ 4 FeS + 7 Og = 2 + 4 SOa. 

” 2 CuO + 2 SO, 4. O2 = 2 CuSO<. 

The Solution o! copper sulphate is conducted to precipitating 
vatSp where the co^per^is 4hruwn. down by means of scrap iron. 
After emptying the vat, the finely divided copper is washed into 
a settling tank, where it is drained and dried. The '' copper 
precipitate" is then sent to the smelter, to be fused and 
refined. 

Impurities In Copper. — The dhief varieties of commercial 
copper are known aa (1) *' Best scli^rted " copjier$ prepared from 
the poveqt materials, and specified to contain traces only of 
arsenic and antimony, bismuth being absent; (2) Tovgh Cake, 
the ordinary copper pf commerce, containing as much as 0*6 per 
cent, of arsenic and a quantity of other impurities; (3) CkiH 
bars as impurtbd ii; ingdtB weighing 2 ewts, each, which require 
refining, often containing as much as 1 per cent of sulphur and 
2 per cent, of other impurities; (4^ Eleea^dyUc copper, which is 
very pure. The impurities present in ordinary copper are 
araenie, antimony, bismuth, lead, nickel, tin, and oxygen in the 
fomt 0! cuprous oxide- ^or most purposes, impuritieB, if present 
in small quantities,Vbppear to have a beneficial effect rather than 
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otDer\vise. x'hus, arsenio hardens cop^ier, and increases its 
tensile strength^ and for locomotive iirebox plates and lK)iler 
tubes it may roach from C'2 to O'B ^er cent, with advantage. 
Bismuth, on the other hand, is aii exceedingly deleterious con¬ 
stituent, about 0*05 per cent., making the copper so brittle that 
it l)OConieB quite unworkable either hot or cold. Antimony has 
a very similar effect to' arsenic, but the best quality copper never 
contains more than a trace. Cuprous oxide, if dissolved in large 
quantity, produces exceasive brittleness. It is found, however, 
that if in the poling process the last traces of oxygen be removed, 
the metal loses its toughness and becomes dry and brittle. It* 
then said to be “ over poled.'* For eleetricnl purposes, it is 
especially necessary that copper should be pure, as au exceedingly 
small proportion of impurities will cause a remarkable falling off 
ill conductivity. FJectro-refining was at one time largely 
adopted, a Huccessful process being that of Elmore, as used 
at the Yorkshire Copper Works, Leeds, The copper was 
deposited in the form of tubes, which were made up to 4 feet 
ill diameter and 1') feet long. For this purpose, mandrels of the 
same diameter as the inside of the tubes to be produced were 
connected to the + pole of a dynamo and made*to revolve 
constantly in tanks containing a solution ol 1& per cent, copper 
sulphate and 5 per cent, sulpliuric B£id,*anodes of pure copper 
being arranged alongside them. Agate bnrnisliers, held ip wood 
supportH and fitted to a frame placed transversely over the tank, 
were caused to travel automatically up and down the vfliole 
length of the tube during the time the operation of depositing 
was in progress. This burnishing was intended to give the 
tubes a more uniform density, leaving a perfectly smooth surface, 
and was claimed to be the cause of the high Ensile strength 
which the deposited copper possessed. Before being placed in 
the vats the mandrels were covered with Ijack lead to facilitate 
removal of the finished tube. Not the least profitable feature of 
this method of refining is the value of the se^imebt or ** slime *' 
which remains in the cisterns, and which has been found to 
contain os much as 260 ounces of gold to the ton of residue. 

The electrolytic process has proved exceedingly valuable fo» 
the production ol drying cylinders, calico-printing rolls, paper 
machinery, pump liners, hydraulic ram^covers, etc. Experience 
t>n board ship has unfortunately shown tfadt electro-depoeited 
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pip68, carryiDg high are HCareely more reliable than 

brazed ones. The mnterial ie eiibjeut to u want o! uniformity 
in fitrucluie, beiiig ain(/rpboue in Home pliicen alihough quite 
8[>roufl in others, and tents imve sliowu that the ductility in 
a circumferential direction ia much Jess than longitudinally. 
On the other hand, although chemical purity is of great impor¬ 
tance where elocLrical conductivity is the chief require¬ 
ment, it ifl found that pure cotqwr haa comparatively little 
resistance to wear, a]]d would Hiiflfer severely, for iiistaiico, 
under the erosive action of amall particles of fuel and ash 
' moving with considerahle velocity under the action of a 
powerful blast in a locomotive boiler. Tlie addition of a small 
proportion of arsenic, not exceeding 0'88 per cent., is Huilllcieiit 
to effect a very great increase in durability under such circum¬ 
stances. 

Copper to be made into plates is first cast into slabs, which are 
rolled out partly while still hot, the operation being completed 
sulisoquently by a certain amount of roiling when cold. The 
quality of the plate is gre^itly influenced by tiie amount of work 
put into the metal during the latter part of the process, and it 
may be said that unless subjected to mechanical work of some 
kind .or other, coffer in any form is of very little service. When 
hammered or worked cold,popper tends to become hard jmd brittle, 
losing its ductility to some extent. 'All plates, rods, tubes, etc., of 
copper must be therefore thoroughly annealed before use. This 
is uBoally effected by heating to a bright red, the pieces being 
kept at the annealing temperature for a few minutes, and then 
quenched in water. It would appear that very little dilToreneo 
is mode by sudden quenching in water, or by allowing the metal 
to coolj(Iown slpwly. During the process of drawing into wire, 
copper roiist be annealed to avoid fracture. 

Copper should not .be healed in a reducing atmosphere, such as 
coal gns, or carbon monoxide produced on the brazing hearth 
with a slow firo and an bisufflcient supply of air. Under such 
oonditions, the metal may be ** gassed,’* or ** burnt/' becoming so 
brittle that fracture occurs with the slightest bending. It is pos- 
ejble that the same detej^ioration may occur under similar condU 
tions in actual use^and this action is in all probability the cause of 
moeiof the disastrous accidents which have occurred with brazed 
steam pipes, etc. l/olonged heating at a high temperature will 
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itlBO produce brlbileiicas, which baa been shown by microscopic 
oxamination to be due to very coarse crystallisation. 

The alloys of copper are of great importance, and are 
extensively used in engineering work, 

‘TIN. 

Tin is a white, highly lustrous metal. It melts at a much 
Idwcr tciiit>emture, viz,, 150'^ F., than any other common metal, 
find it is a poor conductor of heat and electricity. Its tensile 
strength is very low, reaching only about 2 tons per square incli, 
hut it is very nialloable, and may be beaten out into ** foil ’* of a 
tbeusnndtb of an inch in ibickneBs. On account of the high 
price of tin, however, the “ tin-foil/* or ** silver paper,*’ of com¬ 
merce, so much used as a covering for chocolate, soap, tobacco, 
etc., gcucrully contains n very large proportion of lead. IlBcd 
alone, tin poHsosses the valuable property that air, whether moist 
or dry, has no action uport it at ordinary temperatures, neither 
is it affocUid by animal or vegetable acids. Hence, thin sheet 
steel coated with tin, and known commercially as tin or 
sht'ft tiHy is extensively used for canning articles of foo^, and for 
the luaiuLfacture of vessels for cooking and d^iry purposes. 

Tin is smelted almost entirely from tinstond (stannic oxide, 
HnOy), which occurs largely in Coinvfall,* Str|.itH Settlements 
(Banco), Australia, Mexico, etc. The ore is iirai roasted, arsenic 
and sulphur being driven off in the form of oxides, and any 
copper converted into sulphate. After moistening, tho maes is 
allowed to remain for sevei^al days with the object of producing 
other soluble sulphates. These are dissolved out by thorough 
mixing with water in a large tank, stannic at»d ferric oxides 
being deposited. The latter, being lighter, is flepap.t9d by 
iiuthor stirring and washing, hlaek tin in the form of oxide 
retnaining. The tin oxide is reduced by Seating with about 
20 per cent, of powdered anthracite in a reverberatory furnace, 
lime being added as a tlux. The action is oa fellows :— 

2 SnOa + C» = Sng + 2 CO,. 

The metal is run out into moulds, and thekpigs are subsequently 
subjected to a refining process, known as “ liquation/’ by melting 
on the hearth of a reverberatory furnace, 

' Tlnning.-^A peculiar property of tin ia utilfsed in the manu- 
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facture of tin plate. If a perfeoUy clean durface oJ 
or mild eteel be dijtped into a bath of molten tin maintained at 
a temperature somewhat above the melting point, the tin will 
combitlG with the iron forming an alloy at the surface, on whicli 
a thin coating of tin ia readily deposited. Brass and copper 
articles which have been thoroughly cleaned and heated aliglitly 
above the melting temperature of tin may be coated by first 
sprinkling the surface with powdered ammonium chloride before 
wiping over the molten metal with a piece of tow. 

ZINC. 

Zinc, known commercially as “spelter," is, next to iron, the 
chea]}e&t of all metals. It is crystalline and brittle, but at about 
220^^ F. it becomes malleable, and may be rolled into sheets, 
which are usually made about 6 or 8 feet long and 3 feet wide. 
In this form it is largely used for roofing purposes, being only 
slightly affected by atmospheric infiuences. At a higher 
temperature, about 4QQf^ F., it again becomes brittle, and may 
he granulated or powdered. It melts at 770® F., and being very, 
fusible, may be readily cast into ornamental tiles, ridge orestings, 
etc. * 

Exposure to air oauses a film of insoluble carbonate to form 
upon the surface, pibtof'ting the metal from further oxidation. 
As a,protective coating for ironwork, zinc ia to be preferred tu 
tin. The process of covering iron with zinc is known as 
{falva7tuiuff. The articles are first pickled in dilute acid, and, 
after washing, are dried, and then dipped in a bath of molten 
zinc, which is covered with a layer of sal-ammoniac to act as 
a fiui. Corimgated iron for roofing, etc., is produced in 
this way. Cold galvanising, or electro^zinoing, is also resorted 
to in epecial oases. Galvanised iron la rapidly attacked by sea 
air, or by the sulphurous vapours of large towns. Unlike tin, 
zinc is soon destroyed by both acids and alkalies, and cannot 
therefore be used for cahning food, etc. Zinc white, or oxide of 
zinc, is now very largely used as a base for oil paint, and being 
non-poisonouB, is much to be preferred tro white lead for this 
purpose. 

The chief ores of ^uc are calamine, which is an earthy 
carbonate, ZnOOe, and blende or black jack, which is the sulphide, 
ZnS. The fonuef^.'is ia'ind in Belgium and Silesia, and to some 
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extent in North Wales and Cumberland, whilst blende oggueb in 
Russia, Silesia, North Wales, Berbyshire and Cornwall. The 
ores are first roasted to convert them Into the oxide, which in 
the case of calamine is easily accomplished as follows:— 

ZnCO» = ZnO + CO». 

Blende is roasted at a higher temperature, and with an abundant 
supply of air 

2 ZnS 4- 3 O 4 = 2 ZnO + 2 SOg. 

The exiraction of the metal is effected by reducing the oxide 
with oxcess of carbon in closed fireclay retorts or muffles at a 
temperature about boiling point, the metal being vapourised 
and condensed in fireclay receivers. The.action is as follows 
ZnO + C = Zn + CO. 

Tlie metal is scraped out of the condonsers in a molten state, 
and is found to contain several impurities, principally lead, 
sulphur, iron, cadmium, and arsenic. Purification is effected by 
fusion in a reverWatory furnace, when the lead separates and 
siulis to the bottom, and by subswjuent re-distillation. 

LEAD. 

Lbad is the softest of all metals used in the Arts, and is also 
the lies vies t of the baser metals. It m^ts <tt about 650° F. and 
volatilises at a white heat As it contracts con^derably on cool¬ 
ing, it is not adapted for casting in the unalloyed state. It is 
very malleable, and may be beaten out to any desired sEtape, but 
is wanting in tenacity, and is easily tom. On exposiure to the 
liir, it liehaves much in the some way as copper and zinc, and in 
tho form of sheet js a valuable roofing material. * Sheet lead is 
made hy casting a block 5 inches or 8 inches thick of aljput .5 
tons woight, which is then rolled down to Uie required fhickness 
in a rolling mill. The tbiokness of tbi^ milled*’ lead is 
expressed as the weight in lbs. per square foot. It is obtainable 
in widths from 5 to 8 feet, and in length up to 10 or 12 yards. 
It is extensively used \or fiats, gutters, ridges, and flashings in 
roof work, and for lining vata and cisterns. The ability of lead 
to flow under pressure is very striking, apd advantage is taken 
0 ! this property in the covering of electric cables, and in the 
manufacture of lead pipes and rods, which are squirted*' in 
^ semi-molten condition from a hydraqlio ^esa, in a manner 
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to hQ cleBGribed later* Lead pipe being very easily bent anc 
jointed, is universally employed for domestic purposes. Lead it 
readily attacked by soft or distilled water, from which leac 
poisoning may result, as all soluble compounds of lead are highly 
poisonous. With river or spring water, the small amount o 
sulphate present produces a deposit in the form of a very thii 
61m of insoluble lead sulphate which protects the metal fron 
further action. The thickness of lead pipe is usually designatec 
in lbs. per yard, or in lbs. por length.’* Up to 1 inch diameter 
a length is 15 feet, from 1 to 2 inches diameter, it is 12 feet, anc 
over 2 inches, 10 feet. Boil pipe is made from 2 to 6 iuchei 
diameter, and the thickness is specified as equal to so many lbs 
sheet lead. Pipes of rectangular section are also manufactured 

Dilute acids have very little action upon lead, which in con 
sequence plays an important part in many branches of chomica 
industry, as for example, in lining chambers for the manufactun 
of sulphuric acid. One of the chief uses of the metal is in tht 
production of the plates for electric accumulators. White lead: 
(which is the basic carbonate of the metal,) although liighl) 
poisonous, is most extensively employed as a base for oil paint 
and as & cementing substance for making pipe joints, Reri 
lead^ or minium, (Pb^OO is also used in mixing paint, and foi 
leaking watertight joints in metal work. 

The most widely disiributed ore of load is galena, or leaf' 
sulphide, PbS, which occurs largely in North Wales, Derbyshire, 
Spain, and Germany, It is usually mixed with quarto, fluorspar 
and barytes, and often contains silver, the ore being tlief 
described as argentiferoos. During smelting, the silver is taker 
up by the lead, and if not less than S ounces to the ton be 
present, the rarer metal may be profitably extracted. The onl} 
other ore of lead of any importance is corusite, or wjiite lead ore 
which is a carbonate, TbCOg, found in Colorado, and at Broken- 
hill in Australia. 

In Eliotshiire and Derbyshire, and in Spain, the reactiou pm 
ce$a of smelting galena is employed. By caldniog the ore, tin 
lead sulphide is partly converted into oxide and partly intc 
sulphate, with evolution of sulphurous oxide, BOs, thus 

t ' 

2 PUB + 9 O 2 = 2 PbO + 2 BOj. 

FbS + 2 O 3 - PbBO*. 
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On farther heating, the unaltered eulphide reacts upon the 
Glide and sulphate produced by roasting, the sulphur and oxygen 
combining to form SOj, leaving raetallialead thus:— 

2 PhS + 4 PbO = 3 Pbj + 2 SOa, 

PbS + PbSO* = Pba + 2 SOj. 

The operation is conducted in a revorboratory furnace, known as 
thii Flintshire furnace. In America and in Germany, a reduction 
inorcfts is largely used, granulated iron, or iron slag, being added 
tbo charge, which is smelted with coke or charcoal in a blast 
furnace. The action, which takes place at a full rod heat, is as 
follows :■— 

2 PbS + Foa = rba -h 2 FeS. 

White lead ore is first roasted, the carbon dioxide being driven 
off, leaving lead oxide—' 

PbCOa = PhO -h CO 2 . 

‘I’lie oxide so formed ia then mixed with furnace or pyrites 
cinders, and a suitable fluxing material, such as lime, and lb' 
smelted in a blast furnace with coke as fuel Reduction is partly 
effected by carbonic oxide, and partly by iron, Uie latter In^ the 
form of oxide combining with silica and passing into the slBg^ 
thus:— * * 

PhO -f- CO = Pb + COa. 

9 PbO + Fej -H SiOa = Pba + 2 FeO, SiOa- 

Tu the ore hvarth process, used in the north of England) and in 
Scotland, the reaction and reduction methods of^extraction are 
made use of simultaneously. Blast is supplied through a single 
Luyerc at the back of the hearth, and oxidation is effected by the 
(excess of aii^ blown in, and by exposure oE the charge on the 
" u’orkplato.” The oxide so formed reacts on the remaining 
sulphide as before, and is to some extent reduced directly by 
the carbon of the fuel * 


ALUHINIUM. 

Aluminium in the unalloyed state is {00 weak and soft for 
most practical purposes, having about the same strength as zinc, 
Euid in hardness, coming between tin and kinc.^t It is of a lustrous 
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white colour, does not oxidise or tarnish on exposure to the air, 
and is capable of taking a fine polish. It is, however, attacked 
by most acids and even to some extent by boJHng water, and 
alkalies readily dissolve it. It melts about lir>0*^ F., and its 
conductivity for heat and electricity is very high. Its most 
striking charactoristic is extreme tightness, being nearly three 
times Hgiiter than iron. As it occurs in natui'e even more 
extensively than iron, and does not suffer from corrosion, it was 
at one time regarded as a likely aul^titube for steel for construc¬ 
tive purposes. Although the price has been considerabiy reduced, 
aud is now about the same as that of tin, these expectations have 



not been fulfilled, the new metal being deficient in etrength and 
reliability. It is useful in special cases, where lightness vather 
than etrength is the chief desideratum. In the form of sheet it 
is used in place of stone for lithographic work, and when alloyed 
with copper or nickel is extensively employed for g^r boxes and 
crank chambers of motor cars. It is very malleable, and is said 
to be exceeded only by gold and silver in this respect. In the 
soft state, it can spun, stamped, or pressed into almost any 
shape required, which proi)orty has been utilised in producing 
cooking utensils, and domestic and fancy articles of all kinds. 
It is tronblesome to work, and can only be turned, drilled, or 
machined with difficulty, and by the use of special methods. It 
may be oa&t eithei; in ssnd or metal moulds, but the contraotiop 
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nr Hlu'iiikage is considerable, being about twice that of bnisti, and 
}{Ouiitl castings ore not easy to obtain. Aluminium has been 
Buccesslully used in Bieel raanufacture, for the purpose of 
preventing porosity, and the heat evolved by the l)urning metal 
lias been turned to account by adding a small quantity from 
time to time to a ladle full of molten cast iron which it is desired 
ti) protect from excesBive cooling. 

The same principle has been applied in the ThcrviUe JVfhUng 
l'rt)ce>t8 of Dr. (loldschmidt, introduced into this country by 
Thermit Ltd. of London, and extensively used for joining 
traniwiiy i-ails, repairing broken shafts, cast steel parts, etc.* 
A mould, A (Fig. 74), of fireclay or other i*efractory material 
iff formed on a plate, B, round fclio joint to 1)6 made. A 
eraelhle, E, of conical form, carried on a tripod, is arranged im> 
mediately over tlie pouring gate, C, of the mould. The crucible 
is lined with magnesia, and is fitted at its lower end with a block 
of magnesia stone, inside which ia a renewable tiil)e or tlijmble of 
the Hiime material. Ih the bottom of the crucible is places! fin 
Bslfestos washer, on which is laid a small disc of iron, Thie ia 
covered wdth a thin layer of magnesia sand to form a sort 
stopping, F, which can be easily penetrated by the tf^^piiig pin, 
G, when the lever, H, is depressed. Finely divided aluminium 
(ntimatuly mixed w'ith iron oxide ia charge^ into the crucible, oiul 
is ignited from the top by means of a fhse of Barium oxide and 
powdered aluminium into which a red hot iron is irfSevted' 
When the reaction is complete, bo groat is the heat produced, 
that on tapping the liquid thermite” into the mould, the ends 
tu be joined are raised bo welding temperature in about a couple 
ef minutes. The slag formed in the crucible duritig the reaction 
is utilised as a h^at-retaining covering, ai^d for this purpose is 
allowed to overllow through the opening, D, imihediately over 
tlie joint. 

The chemical reaction occurring iB simply* 

Alfl -j- FeaOa ^ ALOj ^ Fe^ * 

Aluminium exists very abundantly in nature in the various 
modlficationB of clay, and as Bilicafce in felspar, granite, porphyry* 
&tc. It also occurs in emery and coriiifdum (Al^Oo), and with 
sodium, as a double fluoride (AlgFe. 6 NaF) in cryolite, large 
deposits of which ore found in GreenlatAi. Aluminium is now. 
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produced entirely by electrolyeis, the proeees ueed in many parte 
of the world being that due to Hcroult. The motal is obtained by 
decomposing alumina {AJaOa)> wliich, however, remains infusible 
at extremely high tempenitiiree, and which must therefore bo dis¬ 
solved ill soino substance capable of being melted and retained in 
the liquid state by tbe heat of the electric current. Hcroult showed 
that this could he effected by using a solution of alumina in a 
mixture of sodium and aluminium fliiorides. At Foyers, in Scot¬ 
land, the process is being worked on a large scale, over 3,000 H.F. 
being obtained from the celebrated falls adjoining. Tlie 
, alumina used is a very line clay known as bauxite, which is 
brought from Larne, in Ireland. This is fused with natural 
cryolite in a crucible of highly refractory material, carbon being 
invariably selected. The carbon erucihle, enclosed in an iron 
casing, forms the cathode, and into it may lowered the anode, 
consisting of a number of rods of gas retort carbon. With the 
poles in contact, cryolite Is thrown in, and the current being 
switched on, tbe auodo la raised. As the salt is, fused, more is 
added until the proper quantity is reached, when the alumina is 
•stirred in, and the bath covered with a layer of charcoal. The 
alumina iv now decomposed into its constituent elements, and 
as tbe temperature -of the hath Is about 170(P F., the molten 
mptal sinks to the bottom, and is tapped out. The oxygen set 
free at the same uffites with the carbon of the anode to 
form carbonic oxide, which burns upon the surface. The amount 
of energy required to liberate 1 lb. of aluminium is about 5 H.F. 
hours, and practically no loss of metal due to volatilisation, or in 
the form of slag, occurs. Only a low voltage is necessary, about 
2*8 being theoiotioally required. 

ANTIMONY. 

Antimony may be regarded as one of the minor metals, 
being used only in the preparation of alloys. It is a lustrous 
bluiah-white metah highly oryatalline, and exceedingly brittle. 
It melts at 112(y F. and expands on solidiftcation, the surface 
acquiring a peculiar fern-like appearance. It is the moat electro¬ 
negative element, and finds an important use for thermo-electric 
purposes. The only ore of any consequence is stibnite or 
antimony glance, almost the whole of which is raised iq 
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Fnince and Italy. The eulphide Ib reduced by heating with 
iiietallic iron in crucibles:— 

SliaSa + 3 Fe = Sb, +*3 FeB. 

Any slight excess of iron dissolves in the antimony, and the 
crade metal is purified by fusion with more stibnite and common 
mlt or potash as a fiux. 

NICKEL. 

Nickel is a yellowish .white inetAl, rather harder than copper, 
ind of alwut the same strength, but somewhat less ductility. It 
doselv t*esdnibles iron in several of its properties, being malleable 
lid weldable, ami perceptibly magnetic, but unlike ii:on it is 
ittle atTccted by dilute acids, is far less readily oxidiBable, and 
eteriorates much leas rapidly under atmospheric iniluencea. 
^or this reason articles of iron and steel are frequently nickel, 
dated to protect them from rusting. Nickel melts at 26^0° F., 
•ut in the pure state it is difficult to cast on account of the 
ases evolved in cooling. This is prevented to a considerable 
xtenfc by tho addition of a very small quantity of magnesium, 
rhich also has the effect of increasing the malleabili^ of the 
ictal. Nickel treated in this way is muclk used for cook^g 
teusils, and other vessels for heaUng and ^boiling. The onl^ 
re of nickel worked for that metal aldhe, and on which the 
upply at present mainly depends, is a silicate knowfi as 
arnicrite, found in large quantities in Nova Beotia. It is reduced 
1 a small blast furnace, using gypsum or alkali waste as a fiux. 
'lie resulting tnaUe is a mixtnre of nickel and iron snlpbides, 
'om which the iron is removed by taking advantage ef its superior 
ffinity for oxygen by alternate roasting and fusion in a reducing 
Imosphere, aa in copper smelting.. The iron oxide produced 
ODibines witliTthe silica and escapes as slag, the nickel sulphide 
jeiug subsequently roasted to oxide, and reduced by strongly 
heating with lampblack and oil. Perfectly pure nicjiel can only 
be produced by means of a wet process, during ^bich the various 
impurities ore precipitated in turn. 



CHAPTER. XIV. 
GOPPEB-ZING ALLOTS. 


BraisB is An alloy of copper and zinc, bub small quantities oi 
other metals, notably tin and lead, are eoiiietimes added foi 
special purposes. Copper and ziiic alloy well in proportion} 
ranging from 110 to 40 per cent, of the former metal. Th^ 
brasses will llius be found to possess widely difTciing prijperties 
which are clearly shown in the accoinpaiiying tigures, liegardct 
as a inechanlcal mixture, it might be expected that the speeilh 
gravity, (t, of an alloy composed of two metala of specific gravitiei 
(/i, and //g, respectively, in the proportion, ol and jjj, par cent 
would be found by the formula 

C — X pi ) + ( Oi X pa) 

' 166 

t 

The value of O does not, however, appear to follow any regular 
law. being soi^etinles -greater, and Bomebimes IcMS, than the 
average indicated by the formula, bb shown by the curve. 
Fig. 75 . It may be said that most of the properties are increautsl 
as zinc is added, reaching a maximum and then suddenly falling 
off. The maximum tensile strength, which for cast brass may 
be about ‘22 tana per square inch, is reached witJi 65 per cent, 
of copper, Fig. 7t). Ductility ae represented by elongation ia at 
a m4.ximum< with about 70 per cent, of copper, Fig. 77. This 
explains why an alloy of 70 per cent, copper and SO per cent, 
zinc is generally xegarded as the strongest and most useful of 
the braaees. This alloy hae been adopted as the StaiuUrd Braun 
for rolling ihto alieets,* or drawing into tubes for locomotive and 
other purposes where the highest quality is required with the 
maximum resistance to corrosion. The tensile strength falls off 
very rapidly with inorease in the amount of zinc, and a brass 
containing from 60 to 70 per cent, of zinc is extremely weak. 

With a little less than 70 per cent, copper a point is reached 
where there is danger of the separation of the first eutectic^ with 
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consequent loss of ductility. With proportions between 60 and 
4i) per oent. eopper, the alloy again BolidiiieB as a whole, until 
nheii the latter is reached, a second en|ecbic separates out. To 
tins group belongs yellow metal, or Mitntsi' Metal, which contains 


COPPW-2//VC ALLOYS 
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60 per cent, copper and 40 per cent, zinc, and which may be 
rolled ftt a red heat. Ite average tensile strength is about 22 tons 
per square inch, and as it is little affected by salt water it is much * 
used for the manufacture of ship's fittings. 

The freezing point curve for the brasaes i| given in Fig, 7S, 
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those portions of the diagram where eutectics are formed being 
eiiown shaded. It has been proved that "eutectica which are 
more fusible tlian the^mass of alloy in which they occur are 
sources of weakness, and in the ease of eutectics with eom> 
paratively high melting points, considerable diminution in tie 
ductility of the alloy is sure to occur, even IT the strength be not 
markedly affected. It is therefore of importance to note that all 
the practically useful brass alloys fall witbin the limits of the 
unshaded portions of the diagram where the metal solidifies as 
a whole. 

Influence of Impurities, and of Metals sometimes added to 
Brass.—As copper usually contains traces of arsenic, antimony, 
and bismutli, and as iron and lead may he similarly derived 
from the zinc, the effect of those impurities on brass should be 
noted. Biimnikf AntiHunii/, and Ayscnic, in the order named, 
exercise a very injurious influence on brass, rendering it hard 
and brittle, and liable to crack on rolling. None of tliese metals 
should he ]jrepetit in greater proportion than 0 01 i>er cent. Lead 
is frequently added to brass to the extent of 2 orfl percent, with 
, the object of making the metal softer, and easier to turn or 
machine.^ At the same time, it reduces bolfi strength and 
ductility, especially, when cast. Tin in small quantity, hardens 
lirabs, and somt^wbat increases the strength, hut with loss of 
ductility. “Naval brass” used by the Admiralty for condenser 
tubes' is composed of copper 70, zinc 29, and tin 1 per cent. It 
is doubtful if the use of this small quantity of tin is attended 
with any real advantage. Pfioaidiovna, ‘ituifiganesc, avd silicon 
are sometiiuea added to brass, and seem to act by removing 
oxide of copper which is often found mixed with copper, rendering 
it “ dry ” and brittle. By deoxidising the copper, the density and 
homdgei^eity of the alloy are considerably increased. Mmgant*se 
bronse (or more correctly speaking,^anganese brasi^) is obtained 
by adding manganese to ordinary brass, the following being the 
composition for maximum strength: Copper 60, sine 85, 
manganese 5* per«cent. It can be forged and rolled hot, and 
has a tenacity of from 24 tons per square inch when cast, to 
about 80 tons per square inch after rolling. Delta Metal is 
^brass to which a small proportion of iron has been added. 
Mr. Alexander Dick, who flrst produced delta metal (bo called 
after the initial letter of his name) discovered that iron dissolrea 
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to ft conaitlerable oxtent in molfeen zina, forming a hard alloy 
Tlio iron in delta metal is introduced by adding this alloy to 
C4i])per iu the proper proportion. It is helievod that the proBonee 
of the iron preventB the lormatioa of a eutectic which would 
otherwise aeparate out at a comparatively low temporature. 
The alloy possesMS a fine golden yellow colour, and is of 
exceptional strength and toughness. It can be melted with 
great facility, and produces perfectly sound and homogeneous 
castings. It becomes soft and highly malleable at a dull red 
heat, and may be readily forged, rolled, or stamped. The 
strength when cast ranges from 25 to 40 tons per square inch 
according to its composition, and the elongation from B5 to 15 
per cent, on nn original length of B inches. It is not attacked 
by sea water, and is therefore much used for parts of marine 
engines, screw propellers, ordnance, chemical, liydrauho and 
milling plants, Banitury fittings, etc. 


Composition of Gopper<Zinc Alloys. 








CHAPTER XV. 


COPPER TIN ALLOTS. 

Gon^metal, or Brotfze, is an alloy of copper aud tin, although 
as in the case of brass, a smallqxiRntity of a third metal, such, as 
load or zinc, is sometimes added to Bo'teii the alloy. Tin exorcises 
a much greater iiiHaenee than zinc in modifying the properties 
of copper, and hence the range in composition of bronze is con- 
aiderahly less than that of brass. The red colour of copper rapidly 
disappears as tin is added, until with 30 per cent, or more of the 
latter metal, the alloy appears white. Speculum metal, used for 
mirror^ and roHectoi’s, contains 66 per cent, of copper and 
84 per cent, tin, and closely vescmhles silver when polished. 
The spoeific gravity of gun-metal is greater than the moan of 
its constituents, due to contraction of volume which occurs on 
mixing, hSg. 79. The addition of a small percentage of tin 
gives an alloy jwsaessing great strength and hardness, but if tho 
nhioiiiit of tin exceeds 20 per cent, a considerable dooroase in 
btrenglh occurs, as shown in the diagram, Kig. 80. It will bo 
seen that the maximum ductility ia obtained with 2 per cent, of 
copper, and that with 20 x>or cent, it'disappeais almost altogether 
until 80 per cent, is reached, when it again gradually increases 
to about its uiaximum value, Fig. 81. The absence of ductility, 
and consequent brittleness of those alloys containing from 20 to 
80 pec cent, qppper, is very marked. The freezing-point curve, 
Fig. 82, IS very complex, showing a set of subsidiary freezing- 
points occurring fa^ below the main freozing*pomt curve, and 
it is these subsidiary freezing-points which mainly influence the 
mechanical pibper^ies of the metal. No alloy containing more 
than 5 per cent, tin solidifies as a whole* and as the amount of 
tin is increased, the alloy has two oonstitaonts which freeze at 
diflerent temperatures^ With from 10 to 20 per cent, of tin 
there are three distinct freezing-points, or in other words, the 
alloy solidifies in three separate portions. Alloys containing 
40 per cent, tin liB.ve less than four distinct Ireezing-pointsh 
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With from 60 to 90 per cent, tin there are three, and even when 
only 9 per cent, copper remoinB, there are still two. It ia there' 
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fore not surprising to find that in practical foundry work bronze 
IS very liable to segregation, especially if the percentage of copper 
is low. It is regarded as very difficult to produce a truly homo¬ 
geneous bronae alloy, and caatinga fre^qneiiUy show great irregu- 
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larity, the fracture of the metal exhibiting patches or ** tin Hpota/* 
interspersed throughout the nuiss. The stmctore of the metnl 
is considerably influencetb by the rate of cooling, which, to secure 
nniformity and density, and to avoid segrogaiion. should be 
effected as rapidly as possible after casting. There ace only 
three copper-tin alloys of any commercial importatice, and their 
coiuposition, as determined from a consideration of the freezing- 
IKjint curve, must be closely adhered to, if good results are to be 
obtained. Gtai^metalj whicli contains 90 per cent, copper and 
10 per cent, tin, represents the strongest alloy. Maximum 
<luctillty, on the other liand, is obtained with 95 per cent, copper 
and 5 per cent, tin, which is the composition of copper coinage. 
For statuary, a mixture which will cast well and take a sharp 
inipression is the chief requirciuentj and this may he secured by 
taking 1>4 per cent, copper and G per cent. tin. Bt'U-vietalf which 
has the come itioti 80 per cent, copper and 20 per cent, tin, is 
hard and brittle, and extremely sonorous, i^pcculum-metat is a 
2 to 1 alloy of copper and tin, or say GC per cent, copper and 
34 per cent. tin. It is of a silvoi'-wliite colour, extremely hard 
and brittle, and capable of taking a high polish. Other metals 
in small quantity are occasionally added to bnjtiiio alloys, and 
it is ^aid that zinc, when used in this way, causes the metal to 
mi? better. Kuffhtcrr"^ Ihoiuti usually contains zinc in addition 
to copper and tin) the true bronze alloys being of comparatively 
limitf^rapplicalioti. For engine parts, steam fittings, hydraulic 
machinery, etc., an alloy of 88 per cent, copper, 10 per cent, tin, 
and 2 per cent, zinc is much used. The greatest dilhcuUy which 
the founder experiences is due to the presence of oxides taken up 
in solution by the metal. In melting together copper and tin, the 
difference in fusibility ia bo groat that care must Iw'taken toprevenfc 
the tin being exposed to the air, especially as it is so much lighter 
than copper, and therefore tends to float upon the surfaeo. Tin 
heated to redness and exposed to the air becomes rapidly oxidised, 
and is converted into peroxide, the sabstauoe known in commerce 
as “ putty powder.” To remove the oxide, a small quantity of 
some reducing agent such as phosphorus may be added to the 
alloy- 

PlmpJior Bronze usually contains alwut O’l per cent, phos¬ 
phorus, which produces a vety marked effect upon its properties, 
greatly increasing tensile strength and ductility, and the 
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ability io resiat ah.ockB and repented atreseee. It ie produced in 
Bcvcral qualitiea, ranging from 22 to 36 tons per square inch 
ultimate teneile strength, the respectUre amounts of elongation 
ijeing from 30 to 4 per cent* on 2 inches. It castH well, and may 
be rolled cold} or drawn into wire. By increasing the proportion 
of phosphorus to 1 per cent., a hard variety suitable for hearings, 
slide valves, otc.> is obtained. Phosphor bronze castings giving 
an ultimate strength of 17 tons per square inch, and an elonga¬ 
tion of 20 por cent, in 2 inches, have the composition copper 
30 per cent., tin 9'7 per cent., and phosphorus 0'3 per cent. The 
pliosphorus is introduced into the alloy in the form of phosphor.* 
cupper or phosphor-tin, the latter being preferable for general 
\1se. Slicks of pliosphorus are pb^ed in a bell-shaped graphite 
crucible, which is then iminerse<l in molten tin. The ph(»Hphorus 
melts, and as it volatilises, it passes up through the tin, which 
in this way hecomes saturated, about 6 Ihs. of phosphorus being 
introduced into 100 lbs. of tin. The phosphor-tin is t}ieD cast 
iuto small sticks or bars, which permit of the proper quantity 
l)oing added to the crucible after the eppper and tin have 
been melted together In the usual way. Zinc must never be 
present in phosphor bronze, but it would appear that«for bearing 
metal a certain proportion of lend is desiraUe. ^ A useful mijeture 
for this purpose is copper 80 per cent.^ tin 8 per cent., lead 
10 per cent, phosphor-tin 2 per*cent. O'l per cent, 
pliosphorus). 

Other Bronze Alloys. —Bronze contains no tin, 
and is therefore, strictly speaking, a bronze only in name. The 
tensile strength and ductility of this alloy may exceed that of mild 
steel, and its elasticity iind malleability are very remarkable. 
The maximum strength is obtained with 30 per cent, of copper 
and 10 per cent, aluminium. For sand castings this «nay reach 
from 30 to 60 tons per square inch, according to the method of 
cooling, whereas for rolled bars the average Itrongth may amount 
to 88 tone per square inch, with an elongation of ^0 per cent, on 
2 inches. CnstingB of this metal are sound and not liable to 
segregation, but the aluminium used must be free from im¬ 
purity, a small quantity of which is found to produce a very 
marked detenoratioii. Although the reduction in the price of 
aluminium has enabled this alloy to be produced at about the 
^ame price as ordinary bronze, it has not b^eti much used. If 
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it be desired to take advantage of the low specific gravity of 
aluminium, nothing is to be gained by adding to it more than 
4 per cent, of copper, n With this proportion, the tensile 
strength ia shout 10 tons per square inch for castinga, and 15 
tone per square inch for worked bars. The elongation rapidly 
deoroasea with the addition of copper, the metal tending to 
Income hard and brittle. As the quantities of the two metuls 
approach equality, the resulting alloy has no commercial value 
whatever, 

or SUicifim Bronze is an ordinary bronze alloy to which 
«silicon has been added with the same object as the phosphorus 
ill phoRphor-bronze, viz., of effecting the removal of any oxides 
of till or copper dissolved iu the alloy. Tliu silicon forms a slag 
which floats upon the surface, very little of tliat element being 
left in the alloy. Silicon-bronze, which has a tensile strength 
reaching from BO to 50 tons par equaro inch in the case of wire, 
resists corrosion due to atmospheric influenceB in a marked 
degree, and as its electrical conductivity much exceuds that of 
phosphor-bronze, it is largely used for telephone, etc., purposes 
ki towns. 

Kickel-B^ouze or Cvpro^Nirkrl .—Copper and nickel alloy well, 
and the motal is used largely for coinage, that of the United 
Slates and of Germany containing 75 per cent, copper and 25 
per cent, nickel, 'dt has also been employed for the sboath of 
rifle bullets, being drawn into tube with great facility. It is 
recognised as tlie best material for the blades of steam 
turbines, especially whan working with highly-superheated 
steam. 

For electrical purposes, it is often necessary to 
employ a metal having a high specific resistance, but which, at 
the same ^im4, has a very small variation in resistance with 
change of temperature. Both these properties are possessed in 
a marked degree by kn alloy of 50 per cent, copper, with 50 per 
cent, nickel, to, which the name of constantan has been given. 
Manganin, coDsistiflg of copper 84 per cent., manganese 12 per 
cent., and nickel 4 per cent, is also need for the same 
purpose. 

(ItinfKin zilver is a triple alloy of copper, nickol, and zinc, of a 
white colour, which casls well, may be worked with ease, and is 
very malleable and.ductile. The best composition to secure these, 
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qua]itiieH is 50 per cent, copper, 20 per cent, nickel, and 30 per 
cent, s^inc. 

Tmitsten Bronze .—An alloy of tungsten and cop[)er known as 
Platinoid (althoiigli it contains no platinum) haa a melting point 
of about 2200® P., and is much used in electrical woTk, and for 
valve seats and other parts of steam ilttings subjected to high 
temperatures and for use with superheated steam. 


Composition of Copper-Tin Alloys. 
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WHITE METAL ALLOTS. 

The Roftcr and mors fusible metals, tin, zinc, lead, and 
antimony, form several series of alloys of ^reat commercial 
•value. 

Tin and Lfod pixKlttce alloys known as Pavtcr, and also the 
iofi foUcrit used by tinners and phimberg. Pewter eontains 80 
per cent, tin and 20 per cent, lead, and was formerly much 
employed for drinking vessels and other domestic appliances. 
Tinner’s solder eonsists of e^ual parts of tin and lead, and best 
pluniber’e solder is composed of 2 parts lend to one part tin. An 
alloy to be used as a solder must not only be capable of tnutiug 
with each of tbe metals to be joined together, but it must also have 
^ a lower melting point than either, to obviate any danger of melting 
the metale.*' In this respect, the freezing-point curve of the lead, 
tin serieB is of specia! interest. Fig. 63. The addition of tin to 
le^ lowers the freping-point from that of pure loud, viz., 050° F., 
until at 350° F. a eutectic separates containing 68 per cent. tin. 
With farther increase in the quantity of tin, the freezing-point 
rises to the melting temperature of pure tin, viz., 450'* F. The 
euteetio contains a considerable portion of lioth tin an<l lead, and 
the eutectic line therefore extends both right and left of the 
freezing-point of the eutectic alloy. It will he seen that the 
alloy containing 66 per cent. lead begins to freeze at 467° lf\, 
and has a fiutectie alloy at 356° F. Thus plumber's solder has 
two freezing-points, upon this fact the operation of ** wiping 
^ a joint ** depends. The solder when used is in a pasty condition, 
due to its widaly separated points of aolidihcalton, and in this 
state it consists of granules of solidified 1^, containing some 
tin in solution, in a still fluid “ mother-liquor,'" 

, Tin and Anthnoui/ aljoy well in all proportions, the latter 
metal imparting hardness and ability to take a high polish with¬ 
out impairing the colour. The only alloy of ibis series of any 
commercial importaf^ce which contains 90 per * 
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cent. And 10 per cent, antimony, although other metale are 
flonietimos added in small f^uaniity. If the proportion of anti¬ 
mony does not exceed 10 per cent, the metal ia very malleable, 
call be rolled cold, and may be cast, stamped, or spun with great 
facility. 

r,€wl and Antimonif form the basis of the 7V/yw? Metal series of 
alloys, which are retfuired to cast well and he capable of taking 


LEAO-Afi/T/MO/>fY ALLOYS. 
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a sharp impression, whilst at the same time, the alloy must be 
siiihcieutily hard and strong to resist the pleasure und wear due 
to printing. The usual composition of type metal ia 80 per cent, 
lead and 20 per cent, antimony, but occasionally a small quantity 
■>f bismutli is added to lower the melting point and increase 
expansion on solidification. I\isihle M^al consists of 60 per 
cent, bismuth, 25 per cent, lead, and 25 per cent tin. It melts 
at 200° P., and is used for the fusible plygs oLateam boilers. It 
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expaudB on cooling while Hiill in a pasty oonJitiou* on wbicli 
account it is fouiul very siiitahie for taking impreHuioiis from 
dies, etc. 

Anti-Friction Alloys and Bearing Metals, 

Considerable success has attended the use of bearings lined 
with soft White MetaL Bnch metal must be of a plastic nature 
to acconmiodate itself to tho form of the journal, bo that to dome 
extent it may flow under any excessive pressure until the journal 
l>6ara uniformly over the wliole surDvee. On the other hand, the 
white metiil ” must not be too soft, or it will Avear badly, and 
tend to cut. In any case it must be Avell supported by filling it 
into grooves or recesses in a shell of stronger metal, cast iron 
being generally employed for tlie purpose. The two halves of 
the shell are fixed together, and a mandril of the sanio size as 
the journal of tho shaft is placed in positioi]. The parts are 
then heated, and the white raeUl poured in. The alloy must 
therefore be readily fusible, and should expaud slightly on euul- 
iiig. It lias been found that with a suitable alloy, both friction 
" and wear may he much reduced. The chief characteristic of a 
bearing alloy is that it should consist of hard grains or particles 
to give a low co-^fticient of friction, embedded in a softer matrix 
w^iich acts like a cemen^ and which at the same time possesses 
the necessary plasticity to enable the bearing to adjust itself to 
the shaft. Alloys of lead and tin, to which antimony has lieen 
added, are frequently used as l>eitring metals. When examined 
under the microscope, such alloys are seen to consist of hard 
grains embedded in a tin-lead eutectic. At the same time 
brittleness niufet be avoided, and a compression test is useful as 
a me^B of discovering tins defect, should it exist. One of the 
oldest add liest known of the bearing alloys is UuhhUt's Mvfali 
which consists of ^8 per cent, tin, 8 per cent, antimony, and 
4 per cent, copper, although the normal proportions have in 
recent years been widely departed from by different makers. 
The addition of a small quantity, of bieintith, not exceeding 0'!25 
per cent., is said to produce a very marked diminution in the 
co-efficient of friction. The alloy is, however, expensive, and 
attempts have been made to substitute cheaper metals for the 
costly tin without impairing tho result- Paraon'it Whihi B^^obb is 
composed of 68 pe^ cen^ tin, 80 per cent, zinc, 1 per cent, copper 
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and 1 per cent lead. A lead-antimony alloy would appear to be 
the cheapeet and moat efficient white metal. Of thia clase, the 
beet known example is Magnolia Afe^oi* which conBigta oi 80 per 
cent, lead and 20 per cent, antimony. When present in tliis 
proportion, the latter metal separates out, and appears in the 
form of hard crystals embedded in a matrix of lead. 


Composition of White Metal Alloys* 
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CHAPTER XVIL 


PROPERTIES AND USES OF THE PRINCIPAL VARIETIES 
OF TIMBER. 

Flakts are divisible into two great orders—flowering, and 
non-doweringi and the former may again bo subdivided into out¬ 
ward-growing, and inward-growing. In the outwaixl-growiiig, or 
exogenous variety, a new layer of material is added annually cm 
the inner side of the bark, but in the case of inward-growing, or 
endogenous plants, such as the palm, bambcjo, etc., now material 

is added at the centre 
of the stem. Timber 
used for construc¬ 
tional or mechanical 
purposes is derived 
entirely from trees 
belonging to the 
exogenous subdivision 
of the phanerogamous 
or flowering order of 
plants. The cross 
section, Pig. 84, ot 
the stem or trunk of 
such a tree consists of 
a number of concen¬ 
tric layers or “ anniml 
ringg,'' each represent" 
ing a year's growth. 
These are arranged round a central rod termed the pith, of which 
the original sHoot coming from the seed wa^ entirely composed. In 
the early stages of growth, the first formed layer of woody tissue 
known as the mMallary sheath^ is deposited upon the pith, which, 
* having fulfilled its purpose, ceaseB to grow, and remains as a mere 
central rod or column. Outside the sheath are seen a number of 
fully-matured rings, clearly shown in the photograph, Fig. 85, 
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known fU} " duramen ” or UmrUviUHii and which in turn are 
surrounded by the last-formed rings, lighter in colour, of the 



Flu. fifi.—CfoBs, RadiAlj anJ TanwoDtisJ SectlonA ot Trunk of Troe. 

alburnum " or sapwood, through which Ihe sap circulates in an 
upward direction. Encircling the sap wood is a thin layer known 
aa the camhivm, which is the extreme puter iring in process of 

u2 
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formation. P'inally the ttfirk constitutes the outer slim of the 
tree, and through its inner layers called the ’Miber/" the down¬ 
ward current of saj> returiis. Each of the annual lingB is com¬ 
posed of two portions, of which the inner one, light-coloured and 
soft, IB the ttprluff /roo//, and the outer one, darker and somewhat 
denser, is the tvoofL In the cross section, the annual 

layers are seen as rings, in a radial section they appear in the 
form of longitudinal stripes alternately light and dark, whereas 
in a tangential section the stripes are broader, occasionally show¬ 
ing V-shaped jiinctione, Fig. B5. The figure or ** feathering" of 
pilch pine Is obtained hy cutting tlie hoards in a direction tan¬ 
gential to the annual rings, thus exposing the vertical section seen 
in Fig. 9S. The annual rings are formed in sectione, und are 



composed of wedge-Hhape<l bundles of longitudinal fibrons tubes. 
Fig. H6, which as they develop, compress the cellular mutjs of pith 
into thill strips,*tennedthe medtdlun/ These become tlie thin, 

hard, .vertical plates radiating outwards from the heart towards 
the bark, 'which nob only convey nourishment from the descond- 
ing sap to the interior, but structurally serve to bind together the 
circular layers or rings. When skilfully exposed, as in working 
oak, beech, and plane tree, they are known as the ** silver grain," 
but in softwoods the medullary rays are extremely line, and are 
scarcely visible to the naked eye. The longitudinal arrangement 
of the woody fibre, taken in conjunction with the radial direction 
of the medullary rays, affords an explanation of the action which 
takes place in seasoning. The gradual drying-up of the sap 
causes the cellula;; or longitudinal part of the structure io 
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colliipae, ahrinkage taking 
place ill the direclion of tlio 
circuiofot'encti of tlie annual 
rings. The atiff medullary 
rnya, however, reHiat lateral 
contraction, and hence the 
shrinkage in a radial direction 
inwards towardw the centre is 
very slight. If, then, the cir« 
cuiufereiiee contracts while 
the diameter of tlie tree 
remains the same, the timber 
must split radially in direc¬ 
tions ]>ariillel to the moduUary 
rays. Shrinkage wlrich occurs 
after the timlier ie cut follows 
tho satiie law, taking place iu 
a circiunforontial direction 
round the tree. Suppose a 
log to bo sawn into four 
i|uavterB, Fig. 87, so that the 
angle ffac is a right angle, 
and let the lengths of the 
Hides ha and nc be measured 
iieforo seasoning commences. 
When dry, it will be found 
that although the lengths ha 
and ac remain unaltered, the 
distance he rouu^ the circum.* 
ferenoe will have contracted 
considerably, the angle hue 
being no longer a right angle. 
The change in shape due to 
shrinkage is shown in black 
on tho right of the figure. 
Again, suppose that a number 
of parallel saw cuts are passed 
through the log, Fig. 88, the 
resulting planks which before 
seaeoning are of uniform 



Viu. 87.—^liTiiiksttfc of Log Sown into 
Ounrters. 



Vm. 88.—Shritikogo of Log with ParoUel 
» Cuts, 
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thiokness, will, when dry, appe&r m shown in the lower 
figure. The width of the centre plank and its tbickneBe in 
the middle will remain nnaltered, due to the resistance of the 
medullary rays, but the thickness at the edges will he reduced 
on account of the coUapsing of the annual rings. Tlie planks 
on each side of the centre will behave quite difierently, although 
from the same cause. The thickness will he much less affected 




FfiJ. —War|nn^ anil Shrinkage ui SeHwnfng. 


than in the case of the plank in the centre, but the side next the 
heart will become ** round or convex, and the outside hollow 
or concave, the* breadth being considerably, reduced. This action 
is known as *' warping,'* term being applied to cross or width 
bending, whilst sawn timber which has become bent in the 
fiirection of its length.is said to be **cast.” Warping is still 
more pronounced in the outer planks, in which, however, the 
reduction in thickness is comparatively small. It will thus be 
seen that in boards which are to remain fiat, the annual riuge 
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niust run parallel to the edges, or at right angles to the face. 
Boards in which the rings are parallel to the face will invariahly 
warp in seasoning. The same effect nay he observed with a 
square scantling, or plank cut from a quarter near the outside, 
us in Fig. 89, the section on the left showing the original shape of 
the piece. Similarly, a cylindrical post turned out of a quartered 
log will shrink along one of the diagonals, becoming elliptical. 
When sawing up logs for seasoning, it ia always advisable to cut 
through the heart if possible, otherwise by the same rule, 
there is clanger of the sides splitting, as shown in Fig. 90. 
If ft scantling of the required diinensions cannot be obtained 
without leaving in the heart, the log 
jH frequently cut flown the centre, 
and tlie two halves reversed and 
bolted together with the heart on 
the outside. In harder and stronger 
woods, such as oak, beech, etc., the 
eiTccts of shrinkage are much more 
marked than in the soft timbers, 
but even in such cases the evils of 
shrinkage may be avoided by observ¬ 
ance of the same general law. 

Felling and Seasoning.—Timber 
trees should be felled when they have * ' Sensoning. 

reached maturity. When too young, 

there ia an eicess of sapwood, and with too gi'eat age the wood 
deteriorates, and the heart commences to decay. The proper age 
is stated to be:—for oak, one hundred years; for spruce and pine, 
years; for ash, larch and elm, about seventy years; and 
for poplar, forty years. Much of the timber imported into this 
country is cut down when the required size luis'bcea attained, 
without any regard to age, and for this reason it is Incoming 
increasingly difficult to obtain really sound wood of any kind. The 
best time for felling timber is in midwinter, whet\ the sap ia at 
rest On being felled, the tree is immediately Stripped of its bark, 
and the branches lopped off, in which state it is known as a lotf. 
It is next roughly squared by axe or sawing, and becomes a haik^ 
which is in a convenient form for storage, and does uot split so 
retidily as if left in the round. A newly-felled tree oon tains 60 
per cent, of its weight oi water in the form ot sap and moisture 
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the greater part of which is in the sapwood. Before the wood is 
ht for use, the moisture must be throughly dried out, and rarions 
methods of seoaoiiintf are employed to effe^ this object Acoord- 
ing to the so-called natural 7n(fthod of seasoning, the timber is 
stacked in sheds in such a position that the air may circulate 
freely alt round it, but at the same time it must be protected 
from the sun and wind, and the floor must be of some impervious 
material, and kept dry. The time required for natural fieasoning 
is considerable, amounting to eighteen months or two yearn for 
deal, but the result is much more reliable, and the timber 
^ stronger and more durable, than when any artihcial substitute is 
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Fin. m.—ATcnige Time of Scafloning, 

resorted to. Drying may be much more quickly effected by water 
aeagouing, in which case, immediately after felling, the timber is 
entirely immersed for about a fortnight in a running stream. In 
this way, the s&p is washed out, with the result that the timber 
when^stacked in the usual way, dries in much less time than 
when the^iap is left in. Boilmgi awl ulcamviff enable the removal 
of the sap to be carried out with still greater rapidity, one hour 
being allowed for every inch in thickness, and the subsequent 
drying, especially after steaming, is greatly accelerated. It is 
also claimed that tliis process will destroy *the spores of dry rot, 
fungus, or other disease. Desiccation or kot-aireeasoning, may be 
applied to small scantlings, and takes only a few weeks. The 
timber is stacked in ovens, through which a current of air, main^ 
tained at a constant temperature of 120^ F. by utilising the waste 
heat from a steam ^iler^is blown by means of a fan. Much of 
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the pitch pine imported into this country from the United States 
is firnt treated in this way. Smoke drtfvtjf by means of a lire of 
chips and Bhavings Is sometimes employed to facilitate seasoniog, 
and is said to render the wood proof against the attacks of worms. 
Hard wood rei^uires much longer time to season than doal. The 
average period for square scautlings of both hard and soft woods 
is sljown in Fig. 91, and for planks one half to two-thirds the 
lime indicated may he allowed. Many woods require a second 
nmoning after they have been worked, and it is for this reason 
tliat doors, window sashes, etc., should be allowed to stand 
some time after being made before they are wedged up and* 
completed. 

’it lias been found that the amount of moisture present in pine 
and fir timber in the condition naturally assumed by simple 
exposure to the air is equal to 15 per cent, of the weight of the 
dry wood. 

Conversion and Mai^ket Forms of Timber.—*The opowtion of 
cutting up a log or balk into smaller sizes is known as conversion. 
Imported tituher is converted to market forms either in the 
forest as in America, or at the port of shipment, as is usual in* 
FiUroiw. Convectetl timber which has been reduced*to smaller 
nzes in this country is Haid to be repawn' The following are 
jhe various forms to which timber is cmjver-ted fpr the market:— 

1 lard woods. 

Log is tliG trunk with the branches lopped off. 

Softwoods, 

A balk, or squared timber, is a roughly-squared log. 

A plank is a piece cut to rectangular section 11 inchcB wide. 

A deal is a piece cut to rectangular section 9 incjies wid*^ 

A batt^rn if} a piece cut to rectangular section 7 inched wide. 

A hoard is a thin piece of any widtli, but less than 2 inches 
thick. 

Whole tiinher is an uncut balk. 

A jlitck is half a balS which has been cut in two lengthways. 

Die-nqnare timber cut to equal dimensions, from 5 inches 
X 5 inches to 9 inches X 9 inches. 

Qvartetinff is timber cut to square section, 8 inches X 8 inches 
to 4 inches x 4 inches. 

- ScantUng is a piece aawn on all sides. 
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A jKile ia a etr&ight trunk free from branohoa, 8 incher; greater 
diameter. 

A maU is a tong straight trunk, lopped and barked, diamete: 
exceeding 8 inchee. 

It is to be feared that in cutting up the soft timberB at the preaeii'. 


Fic. U2,—C 0 nvcr«ioti to !)«»]« nml Battens. 




day the only conBideration is to obtain aa many markebiblu 
bizoB as possible out of a given log. Two methods of converting 
'fir tinilior into deals and battens as practised in Norway and 
Sweden aft given in Fig. 92. In the first, four deals are 



obtained from the same log, and although" the heart comes u]>on 
the surface, the better course would be to remove the pitli 
•altogether by cutting out a thin board* The outer deals arc 
composed almost entirely of sapwood, and must inevitably warp, 
as before explained. So great is tbe desire to avoid waste, that 
they are also liabl^ to rpn out beyond the bark at the corners. 
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x>aiTig the defect known bb “ waney ** edges, Fig, 93. The 
ond method, Fig. 92, ie etiU more ohjecfcionable, as the heart 
left in the middle of the deal eut fAm the centre, which is 
irefore particularly liable to dry rot due to the eai'ly decay of 
1 pith. 

already ehown, floot boards should be cut 08 nearly as 
;sibl6 radially from the centre, the test of the material being 
Used for other purposes. This is shown in Fig. 94. The method 
converting a quartered log of oak is given in Fig, 95. The beet 
ards are obtained as at A, but this method entails great waste, 
letis thick boards are required as at D. Thick planks may 



Fk;. !)t.—('otiTCTAion to Floor Botu^l. 


• cut economically as at C, and a combination of the two 
ethods iH sometimes adopted as at B. 

Quartering is usjiially resorted to with oak and other ornamental 
?ard woods for the purpose of displaying the medul|pry rays# and 
o get rid of the pith or centre, which is often defective When 
mt through the heart and the corners sawn o^f, as in Fig. 96, oak 
oga are known as tvaimcotf from which os shown, or from a 
quarter as at A,n'ahtsco^ boaifla are obtained, ^uoh boards must 
be cut parallel to the medullary rays, which come out on the 
surface in an irregular figure, producing the silver grain. The 
“feathering’’ shown in planks of pitch-pine is produced by 
cutting tangentially to the annual rings as at B. 

DeCeoti In Timber.—A tree during growth is liable to many 
diseases, which may seriouely aiTect the strength and quality of 
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the timber obtained from it. Shakfi»n which are common i 
almost every kind of timber, are longitudinal splila or crachr 
running from the heart ‘towards the eapwood. They are due t 
the shrinkage or decay of the interior of the tree, and general] 
occur in trees past maturity. There, are several varieties c 

shakes, all of which ar 



sources of 'weakness, and a 
they are liable to escap 
detection when in the forn 
of extremely fine cracks 
they constitute a possibl; 
element of danger. Tju 
hmrfuhulu’ is probably Iht 
commonest defect in timber. 
Should it occur as a singU 
cleft across the tree as al 
Fig. 97 A, it need not be 
the cause of much waste in 
conversion, but with two 


clefts at. right angles, as at 
B, scantlings larger than 
<]uarterB cannot be obtained. 
Trees are sometimes found 
to twist during growth, in 
which case a heartshake 
may take a spiral course, 
^ ^ rendering the timber quite 
unfit for conversion. AVar- 
ghake, Fig. D7 C, is a similar 
and more serious defect, with 
a number of splits radiating 
from the centie to the cir- 
Fio. Ofi—Wjifnsoot. . cumference. liinff, or ewp- 

• »hake^ Fig. 97 D, consists 

of a curved split between the annual rings, and as a rule is 
not so serious as heartshake. iCnofs, which constitute a 
very common defect, occur at the junction of the branch 
with the stem, and are classed as either live or dead. The 
first kind are formed by branches which were living when 
he tree wae fetled^^and unless very large, are less objectionable 




Klu. OT.-^VarictitiS o[ Slmkcj lii •Tiojh^, 


lan (had hudn, which nrc often looae and ready to fall out, and 
ill usually lead to the timber being rejected. A rind(/aU ie a 
,arved Bwelling covering up tli© wound caueed by breaking 
or imperfectly lopping off a brunch, 
aud resembles tv knot in its effect 
upon the strength of the timber 
containing il. An upset, Fig. 98, is 
a distortion of the fibres across the 
grain of the wood, said to be due to 
unskilful felling. Tb6 part thus 
affected will break through with little 
reeistance, much as if the fibres had 

been severed. Decay t« timher is due to puArefocticn, or fermenta¬ 
tion, which proceeds with the evolution of a considerable quantity 
uf gaB,chiefiy carbon dioxide and hydrogen. Two fomiB of decay are 
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frequently met witb^ known respectively as loet wt and arp rot. 
The former occurs in the growing tree, or in situations wherf 
timber ie alternately exposed to moisture and dryness, tb< 
wood being finally reduc^ to a powdery brown mass with at 
unpleasant odour Dry rot takes place only after the wood 
dead, and may be said hriefty to be due to lack of yentilation. 
It is caused by the growth of a fungus, which thrives in 
warm, moderately damp, stagnant air, the wood becoming mouldy/^ 
and emitting a musty smell. An apparently sound log may be' 
full of dry rot inside. 

PraaerYation of Timber.—Perfectly seasoned wood, if not pro-^* 
tected by tar or paint, will not stand exposure to the Englislf 
climate for more than about twenty-five years. Painting or tarring^ 
may prevent decay if the wood has been thoroughly seasoned 
previously. This is essential, as otherwise the filling-up of the 
outer pores prevents the escape of moisture, and by inducing 
decay, does more harm than good< As charcoal possesses power* 
ful antiseptic properties, the lower ends of timber to be embedded 
in the ground are first burnt or charred, to prevent dry rot and 
<the attacks of worms, A number of processes have bee i intro¬ 
duced with the object of preserving timber from decay, b> driving 
out the sap and forcing in some chemical solution which will 
coagulate the albumen of the wood, and, by destroying insects, 
worms, fungi, 6t<^, prevent dry rot. Probably the most success- 
ful prooGBs is that introduced by Bethel!, and known as 
c}'i09oiing. The timber after drying, is placed in a cylindrical 
vessel about 7 feet diameter and 60 feet ^^ng, rescuibling the 
shell of a boiler, a door at one end is closed airtight, and 
a vacuum of 7 or 8 lbs. per square inch created by means of 
a pump. Creosote, or “ oil of tar/" which is a thick, dark brown 
liquid obt^ned from coal tar by distillation, is then admitted at 
a temperature of 120^ F., and the pressure is raised to about 
160 1^. per square inch. The amount of creosote taken up 
depends lai^ely upon the nature and quality of the timber, and 
the proportion of bapwood present. The process answers well 
for soft wood, such as railway sleepers, street paving, etc., which 
absorb from 10 to 12 lbs. per cubic foot. Hard wood, such as 
oak, will not take up more than 2 to 8 lbs. per cubic foot, and 
pitch pine is almost impenetrable. The most effective of these 
impregnation methods is without doubt that known, after the 
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lamd oI ite inventor^ as Kjan’s process, or k^anhintj, whicb con- 
lists in immersing the timber in a solntion of I port corrosive 
ublimate (bichloride of mercury) in ].00 parts of water. The 
ubstance is an exceedingly dangerous poison, and is most efficient 
Ti destroying all traces of organic life. It thus prevents fennenta- 
ion, and will even check the spread of dry rot in limber already 
aifected with that disease. As however the salt is somewhat 
costly, the process has hod but a limited application. In 
the hnrnfttmnfj process, introduced by Sir Burnett, the 
timber is allowed to soak in a strong solution of &iac chloride, 
whicb is cheaper than mercury, and fairly effective in destroy-, 
ing both germs and parasites. The bonchfirUhifj process, used 
in Franae for railway sleepers, is conducted in a manner 
aimilar to the preceding, a solution of copper sulphate being 
employed. This has the doubtful merit of cheapness, and the 
preservative, being readily soluble in water, is rapidly washed 
out by rain. 

Clasdficatfon and Varieties of Timber.—All timber used in 
construction is classed tor commercial purposes as either soft or 
hard. The »oJl wowlf comprise all trew of the coniferous* 
variety, such as the pinoH, firs and spruces, the seeds of which 
are produced as cones. The leaves of this^class ore spinous or 
needle-liko, and the wood, which is resinous aAd generally con- 
tainu turpentine, is light in colour. The annuhl rings are very 
dintinct, but the medullary rays are scarcely visible. The Uarfl 
irootUf such as teak, oak, mahogany, etc., are non-coniferous, 
•and have bi*oad leaves. The wood is usually dark coloured end 
uon-resinoLis, any secretion^being of an acid or astringent 
character. The annual rings are indistmct^ but the medullary 
rays are easily discemed. 

SOFT WOODS. 

Pine and Fir Wood.—Much confusion etists in the naming 
of all soft woods, owing to the custom of confounding the pines 
and the firs, which belong to totally distinct hpecles, and also of 
naming timber after the port of shipment. 

Northern Pine {IHniie »jfiveitnii\ also called Scotch fir, 
commonly known as redwood. It is imported from the Baltic, 
and from Norway and Sweden, in balks from 10 to !20 inches 
^uare, and from SO to 40 feet long, aud^also in the form 
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of planks, deals, and Haitens^ It is very extensively employed 
in tbia country for railway eleepere. liigUi Memel, and 
Daniiig balk timber ie ^he moet suitable for piles, structural 
work, etc, 

Whita PIr or Spruce {AhicH excdua), generally known as white 
deal, is imported from Christiania, Onega, and Fetrograd, It 
is knotty, and inferior to redwood in strength, and is liable to 
warp. It is largely used for scaffold poles, floor boards, packing 
cases, and the commoner desoripUons of joinery. 

Yellow Pine {VinoH etrobue), imported from Quebec and other 
ports in North America, is straight grained, free from knots, and 
easily worked, and although not durable If exposed to the weather, 
is inyalnable for joiner’s work, and is the wood most largely usdd 
by engineers for pattern-making. It may be recognised by the 
short dark hair lines which are always found running in the 
direction of the grain. 

Pitch Pine australitt), is imported from the Southern 

States o! North America in logs from 10 to 18 inches square, and 
from 20 to 40 feet long, and also in planks 10 to 15 inches wide, 
And from 3 to S inches thick. It is a heavy, hard, and very 
strong WOO0, free from knots, but somewhat liable to split and 
shrink. It is full of resinuus matter, which renders it very 
durable, but at the same time makes it difficult to work. As it 
is cheap, and calti be ohilained of groat length, it is largely 
employed for the heaviest engineering work and in shipbuilding, 
and bae come to be regarded as a substitute for Memel or 
Danzig timber. The annual rings are wide and strongly marked, 
and when properly cut, display a beautifully figured grain. For 
this reason, it has been much used for ornamental joinery. 
Turpentine ts obtained from this tree by a process of tapping or 
“ bleeflinge" ' 

Laroh {Larisc is imported from Russia' and North 

America, and is gro^n to some extent in this country. It is of 
a yellow colour, and is the toughest and most durable of the 
conifers. It is^tberefore much used for railway eleepera, and for 
posts, fencing, etc., exposed to the weather. On the other hand^ 
it shrinks very much, and is very liable to warp. 

* Kauri Pine (Da/u»uii‘a australis), is obtained only from New 
Zealand, and can be had of very large size quite clean and 
free from knots and sap. It ifl strong and durable, straight 
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f^rained, and of silky appearance, producing very handsome 
joinery. 

Lime or linden (Tilia parvi/olia), is iff pale yellow colour, soft: 
and close grained. It cuts equally well with or across the grain, 
and is greatly valued lor carving and cabinet making. 

American Whltewood or Canary (Liliodendron hdipifera)t is 
imported from Kew York in large planks from 2 to 3 feet in 
width, and of any reaeonable length. It is soft, close, and 
straight in grain, very easily worked, and takes paint or polish 
very well. It is much used by cabinet makers, carriage builders, 
shop Utters, etc. 

HARD WOODS. 

Oak {Qutrcu4). A large number of varieties of this timber, 
and of many degrees of quality, are found in this country, on the 
Continent, in America, etc. It has long been considered that 
British oak is on the whole superior to any other, hut^nafcive- 
grown wood is now difficult to obtain, and several continental 
Hpecies, especially from Anstro-Hungary, are probably quite as 
:;*)od, and are much cheaper. Oak possesses a combination of 
good qualities in. a remarkable degree, and where streligtb, stiff¬ 
ness, toughness, and durability are required,'it ia unrivalled.* It 
is much used in shipbuilding, and for h^avy constructional work, 
and for the frames of railway carriages and wagons exposed to 
sadden shocks, it is invaluable. The colour when freshly cat is 
light fawn, turning dark brown, and ultimately nearly black, 
with age. No other wood is so suitable for durable carving, and 
on account of its rich colour and beautifal markings it is in great 
demand for high-class joinery and furniture. Oak contains 
gallic acid, which corrodes iron fastenings, and this reacting on 
the timber may set up dry rot. Oak bark is in great r^uest for 
tanning leather. 

Teak or Indian oak (Tectona ifrandit), has been much used as a 
substitute for oak, to which it is in many respects*superior. It 
is imported from Moulmein and Bangoon in Bdrmah in logs 
from 10 to 30 inches square, and from 20 to 50 feet long. It 
resembles oak in appearance, but is stronger and stifTer, and it 
contains a considerable quantity of an essential oil which renders 
it very durable, and immune from the attacks of the white ant 
and other insects. For the same reason, it doek not corrode iron 
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fasteningB, the oil being, in fact:, a preserv&t^e against rust. It 
is much used in shipbuilding, and is very durable when eipoeed 
to the weather. 

Oreanheapt {J^ectandra rodiao), comes from British Guiana in 
logs from 12 to 24 inches square, and up to 60 feet in length, 
and on account of the esaential oil which it contains, it success¬ 
fully resistB the attacks of sea worms and the white ant, and is 
probably the strongest and most durable timber in ordinary use. 
h is especially prized for dock gates, piers, piles, and marine 
works generally. 

Mora {Mora exceUa), is a light-red timber from Guiana, very 
heavy, hard and strong, obtainable in logs from 12 to 20 inches 
square, and from 20 to 35 feet long. It is highly esteemed for 
dock gates, and in shipbuilding. 

Lignum ViUe {Gnaiacam offtcinaU), is an extremely hard and 
heavy timber which comes &om the West Indies and Central 
America. It is in considerable demand for mallets and tool 
handles, and for the bearings of shafts which have to work under 
water, notable instances of its use being for the lootetepa of 
turbines, and for the bearing of the after-length o! the propeller- 
sliaft of a^teamship. Ordinary beatings are unsuitable for use 
un^er water, an^ the brasses wear away very rapidly on account 
of the difficulty of supplying the oil needed for lubrication. The 
portion of the propeller'shaft which passes through the bearing 
is encased in gunmetal to prevent oxidation, and runs on longi¬ 
tudinal strips of lignum vitte dovetailed into the stern tube, water 
spaces being left between. Lubricated with water in this way, 
lignum vits forms a very good bearing, and is easily renewed. 

Mahogany mahogojii), is a product of Central America, 

two yarieties being distinguished as Honduras luahogany or bay- 
wood, atri Spanish or Cuban. It does not shrink or warp much, 
and it has the property of holding glue better than any other 
wood. Mahogany is vary durable when kept dry, but is quite 
unsuitable fox exposure to the weather. It is easily worked, and 
takes a high poliab. Bay wood yields log? 12 to 24 inches square, 
and up to 40 feet long, and planks 6 feet wide may sometimea be 
obtained. It is of a light pink colour, but is rarely figured. 
It is much used in carriage building, and for joinery and cabinet 
work, as well aa for internal work on board ship. Spanish 
mahogany is daiJk red brown in colour, and has a beautiful 
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,vavy figure, in consequence of which it ie in considerable demand 
‘at furniture. Mahogany is also imparted from the TVest Coast 
>f Africa in considerable quantity and of Jait quality, for building 
lurposes. 

Jarrah, or Australian mahogany (Euealifpiag marginata), is 
shipped from West Australia in logs from 12 to 24 inches square, 
kud from 40 to 60 feet long. It is a very heavy, hard, close- 
framed wood, extremely durable when sound, and therefore exten- 
{ively used for street paving bfocks, for which it has no equal. 

Karri (Eucali/ptiig direreicolo}*), also known as ** blue gum,” 
intnewhat resembling jarrab, is the giant tree of Boutb-West 
\(iBtraUa. It is dark red in colour, without figure, very hard 
lud tough, but not so easily worked as jarrah. It is rather 
lable to gum veins and starshakes. It is also used for paving 
(locks and for railway sleepers. 

Ash excMor)j is widely distributed throughout 

Kurope aud North America. It is of light brown colour, and 
iwflfiosaes the peculiarity of having no sapwood. It is chiefly 
remarkable for its great toughness and elasticity, which fit it for 
ie wherever sudden shocks have to be sustained, as in felloes 
id spokes of wheels, shafts for carriages, tool handles, etc. It 
remarkably durable when kept dry, and when white, is miich 
lught after for furniture purposes. When exceed to wet, it 
.pidly decays. 

Beech {Fagut gylvatica), is found throughout Great Britain and 
.QBt parts of the Continent. The colour is brown, the annual 
pgs are well marked, aud the medullary rays very large and 
ttinct. It is durable if kept either quite dry or constantly wet, 
n alternate exposure soon causes rot. It is much used for 
allets, tool-handles, joiner's planes, tbe teeth of mortice whgels, 
T cabinet work, and for chairs. 

Elm is a rough cross-grained wood, very 

tugh, and liable to warp, but very diflicult* to split, on which 
icount it is highly valued for such purposes as jihe naves of 
heels, and other uses in ooachbuilding. It is e'xtremely durable 
hen constantly immersed in water, aud makes excellent piles 
ir foundations, sluices, floats for paddlewheels, etc. 

Hiokory {Uicoria orota), is exported in Considerable quantity 
om the Eastern United States, aud is I'egarded as the best of 
11 woods for axe and hammer shafts, handles, e)to. 

n2 
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HorniMam (Catthmus is remarkable for ita hard stringy 

hhre, an4 is auperior to all other woods for the teeth of mortice 
wheels, mallets, and lasts. 

List of the Moat Useful Timbers for Different Purposee. 


Heavy Engineering Conatruction. 
Piles. 

Durability when dry. 

Wet eituations. 

Railway sleepers. 

Paving blocks. 

Carpentry (main structural work). 
Floors* 


Inferior joinery* 


Ship joinery. 

Stair treads. 

Tool handlea 
Fatternmaking. 

Wood carving, and engraving. 

Shafts and springs ■ 

Rollers. 

Bearings for shafts under water 


Greenheart, teak, oak, pitch 
pine, Danzig fir. 

Elm, oak, pitch pine, blue 
gum, beech. 

Oak, mahogany, cedar, 
yellow pine. 

Elm, greenheart, teak, oak, 
pitch pine, beech. 

Larch, creoaoted Memel 
oak. 

Jarrali, karri. 

Douglas fir, Oregon pine. 

Archangel, Petrograd and 
Onega i-ed deals; maple, 
pitch pine, and oak to 
resist great wear. 

Kauri pine, American 
yellow pine, pitch pine, 
mahogany. 

Walnut, mahogany. 

Teak, oak. 

Ash, beech, box. 

Yellow pine, bay wood, 
American whitewood. 

Lime, pear, kauri, ayca< 
more, box. 

Ash, hickory, lance. 

Lignum vitsB, box, ma¬ 
hogany. 

Lignum vUse. 
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Ultimate Stren^h and Wef^t of Timber. 


Kama. 

Weight til 
Ibfl. uer 

cubic foo^ 

UitimAte t 
Tona per b 

Coro- 

preiuoD. 

Hrength in 
4]u&re inch. 

Teniion. 

Soft Wood!: 




ijai‘oh. 

35 

2-5 

3*6 

Nortlieni Pine, or Scotch Pir 




' Hedwood ..... 

.36 

2-9 

30 

*( Red Beal. 




Pitch Pino. 

4B 

3'5 


( Spruce or White Fir . 

30 

2G 

Q-Q 

1 White Deal. 




Yellow Pine, .... 

32 

18 

1-0 

Hardwoods; 



1 

Ash. 

48 

3*0 

4-5 

1 ATnerioan Wlutewood . 

1 Canary. 

26 

KB 

2-3 

Beech. 

48 


4*3 

Birch. 

45 . 

:h2 


Cedar .. 

4L 

2'5 

3-2 

Kbony ..... 

•35 

• 3-2 


Elm. 

36 

3*7 

4-3 

Groenhearb. 

65 

63 

4*0 

Hickory ..... 

52 

— 

— 

{ HoaduvaB Mahogany . 

35 

2-8 


j Bay Wood ..... 




Hornbeam , , « . . 

47 

3'5 

7*1 

Jarrali. ..... 

63 

3-2 

5*2 

Karri . . ’ . 

Gl 

3*0 

if 

Kauris or New Zealand Pine 

34 

2*1 

♦ 2*0 

Ligniiin Yltra .... 

76 

4‘2 

7*2 

liiine ...... 

35 


. — 

Maple ...... 

43 


6*3 

Mora ....»> 

02 

■SB 

— 

Oak . . . * . 

52 

' 20 

6*2 

Spanish Mahogany 

53 

3*2 

4*3 

Teak.. . 

48 



Wahnit . . . 

46 

H 

■1 






















CHAPTER XVIIL 


PROPERTIES AHD USES OF THE PRINCIPAL YARIETIES 

OF STONE. AND OF CEtfENT, CONCRETE, A8PHALTE. 

ABRASIVE MATERIALS. ETC. 

Ston«, 

Ik mechanical engineering and allied industries, atone is uaed 
to a limited extent, and only a brief oonBidoration of the 
subject will be attempted. It is important that stone used in 
engineering work should possess certain, properties, of which 
(1) durability. (2) hardness. (3) strength, and (4) weight, are 
the chief essentials. 

Durability depends upon the chemical composition of the 
stone, its physical structure, the position in which it is placed 
and the nature of the surrounding atmosphere. Sulphuric acid 
contained in the ajr of towns, and carbonic acid present even 
in pure air, will Slowly decompose a stone which consists largely of 
carbonate of lime or carbonate of magnesia. Stones containing 
much iron may be slowly disintegrated by reason of the oxidation 
of the metal. The etructure o! stone, especially as regards 
porosity, exercises a marked influence on its durability. A 
porous stone takes up a large amount of moisture, which on 
freezing, expands and disintegrates the surface, leaving a fresh 
portion to be acted upon subsequently. The smooth surface of 
polikhed ^ marble may withstand atmospheric action for many 
years, whilst chalk, which has the same chemical*composition, 
speedily crumbles away. Viewed in this light, it follows that a 
cryetalline struetare is. as a rule, to be preferred, and a close, 
fine grain may be'taken to indicate lasting quality. Expansion 
and contraction, due to a wide variation in temperature, may 
bring about the opening of minute natural cracks or fissures, 
and thuB lead to the partial destruction of the stoue. Newly-cut 
stone should be Masoned by exposure to the air for some time 
before using, to get rid of the ** quarry sap," or moisture which 
exists in the stone ^before removal from the bed in the quarry. 
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It ifi mofit important that all atone should be placed on its natural 
brd, that la, in the same position as that in which Ihe strata were 
originally deposited. The object ia to obtain the maximnm 
strength to resist crushing, aa well as the maximum resistance to 
disintegration dae to the action of frost. All sedimentary rocks 
have been formed In layers, whioh must be placed at right angles 
to the direction of the pressure which comes upon them. If the 
load be applied to the stone with the lamina vertical, or with the 
grain “ end on ” its crushing strength is considerably reduced, 
[n addition, if built in position with the layers parallel to the face 
of the wall, the stone will Hake off layer by layer as the result of 
each succeeding frost. In ordinary walling, the laminae are 
aiTBQged horizontally, but in all cases they must be placed with 
their edges at right angles to the face of the wall. In arches, 
the natural bed must come as nearly as possible at right angles 
to the direction of thrust, and perpendicular to the face of the 
arch. To ascertain if a stone has been laid on its natural bed 
the usual method is to brush away any stone dust and pour water 
on the surface, which, in many cases, will cause the lines of strati* 
fication to become visible. The mason is generally able to ** feel 
the direction of the grain when working the surfacft, but this 
** plane of easiest cleavage ** does not always coincide with the 
natural bed. It is often extremely difficult, if not impossible, to 
distinguish the natural bed in a block df stone,*and it is always 
best to have the stone marked at the quarry. 

Hardness is a property of much importance for moohanical 
purposes, eapecially where stone is exposed to the effects of 
friction and wear, or of running or dripping water. Stone is 
usually softer in the green state when first quarried, becom^ 
ing harder with Seasoning. Hardness is the quality which more 
than any other affeote the cost of the stone in worWng.* For 
carving, a soft stone would naturally be selected, but as a rule, 
the hardest and densest stone, if uniform in texture, will be found 
most suitable for ordinary building and mechanical purposes. 

Strength is often regarded as of secondary Importance, but it 
should be borne in mind that although stone may be safely used in 
compression, it has very little transverse, and practically no tensile, 
strength. The compressive strength as determined by crushing 
Sdneh cubes in a testing machine, may be regarded as an index of 
general quality, and such tests afford a convenient means of ascer- 
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taining the euitabilitiy of a stone anbjecbed to any exceesive or 
unusual stresses. The safe lofui to which stone is subjected in any 
structure should not exc^ one-tenth o! its ultimate strength as 
determined by experiment, but in practice the actual load is 
usually very much less than this. 

Weight is closely related to the density, and therefore the 
porosity of a stone, the effect of which bos already been 
notice^]. It is usual to test for porosity or absorption by im¬ 
mersing a sample in water for twenty-four Lours, and noting 
the weight of water absorbed. The best stones, as a rule, 

. absorb the least water, the average being for sandstone 10 per 
cent, limestone 17 per cent., and granite not more than 1 per 
cent. Weight is very often in itself a useful quality. Thus, for 
retaining walls, piers, columns and marine work, a heavy 
stone is rc<{uired, whilst lor parts which have merely to support 
their own weight, a light stone is to be preferred. 

Clasaiffoation of Stone,—The different varietiea of stone used 
for constructional purposes are generally divided into two 
classes:—(1) igneous, and (2) aqueous or sedimentary. The 
f^Heoun rockst such as granite, are of volcanic origin, and have 
been produced in a state of fusion. The aedim^ntarif or utratified 
rocks^ such as sandstone and limestone, have been deposited in 
water, and subsequently subjected to enormous pressure due to 
the weight of tlid strata l^l^ve. It has, however, been found 
more convenient in describing tlie composition, properties and 
uses of stone for mechanical purposes to adopt the following 
classification:—(1) Granites, (2) Slates, (3) Sandstonesj and 
(4) Limestones. 

Granite is usually composed of (a) felspar, which is an 
anhydrous silicate of alumina and potash having the oomposi- 
tion ^Osf'KO)^ . A])Os, <6) mica, also an anhydrous silicate of 
alumina and potash of the formula Ei^H. AlQ[Si 04 )a, and 
(o) quartz, or anhydrous silica, BiOa, variations in the proportions 
of these constituents producing wide differences iu both colour 
and structure. Th^ average pih>portions are;—felspar 40 to 60 
per cent., quartz 40 to 80 per cent., and mica the remainder. 
Excess of felspar causes the rock to decompose rapidly on ex- 
f»osare to the weather, producing the china clay or kaolin, a 
hydrous silicate of alumina of the formula Al/)a. 2 Bi 03 . 20 Rs, 
found in Cornwall ^and Devonshire. From this itiollowB that, 
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certain varieties of granite do not withstand the infiaenceB of 
air and water so irroaiatibly as is commonly aupposed. The 
durability depeuda upon the quantity oE quartz, and the nature 
of the felspar. Quartz ia a hard, glassy, crystalline variety of 
Bilica, and if present in large proportion the granite is difficult 
to worh, but will weather well. Mica is present in thin scales, 
which may be detached with a knife. It gives the glistening 
appearance to granite, but is easily decomposed, and is a source 
of weakness,' In syenite, which is usually included under the 
term granite, hornblende, which is an anhydrous silicate of lime 
and magnesia, 5(MgCa)0. CSiOi, takes the place of the mica, 
and imparts a darker colour. Igneous rocks other than granite 
ar*e of little importance for engineering purposes. Granite 
possesses great strength, and will withstand rough usage and 
enormous wear. It is eitensively used in engineering works 
such as docks, piers, breakwaters, lighthouses, bridges, etc., 
and is invaluable for any purpose where a heavy load is to be 
carried, or where weight and durability are the chief considera- 
tion. The harder varieties are also largely used for street paving, 
and for road metal. If of good quality, it is not much affected 
by acids, but the surface is found to suffer conaidembly from 
the effects of a high temperature. It is oapable of taking a 
high polish, and on this account is much employed for decora* 
live and monumental purposes. In*mechanical engineering, 
it is used for the rollers of crushing mills, and for the runners 
and bed plates of edge runner mills for treating sugar, 
tartar, straw, paper, oilseeds, etc. The Scotch granites have 
a high reputation for strength, beauty, and durability, the 
beat known varieties being the pink from Peterhead, the grey 
from Aberdeen, and the black and white from Dalbeattie. 
Cornish and Devonshire granites are mostly grey in colour, and 
are not so highly esteemed as the Scotch. The granitea from 
Leicestershire and the Channel Isles are syeditic, and being very 
hard and difficult to dress, are suitable only for, paving setts. 
Norwegian granite is now largely imported, aifd may be had in a 
variety of colours, red, grey, blue, and black. 

Clay is a hydrated silicate of alumina, containing from 
is to 66 per cent, eilica, 22 to 40 per cent, alumina, and 
from 5 to 18 per cent, water, with small quantities of lime, 
ipagnesia, and iron oiide. Clay has been lierived from the 
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difimtogration and daoompoution of the felepar in granite, 
gneisfl, mica, and elate. Ctajeare either re^idwili or tramporied. 
The former, of which china clay or kaolin ie an example, are 
fonnd overlying the rocke from which they have been produced. 
Tranfiported claye have been deposited under water in beds at 
the bottom of aeas, lakes, or eetuaries. Ali ordinary brick clays 
belong to this class. The most important property of clay is its 
plasticity, which is due to the water combined with the silicate 
of alumina. Some portion of this water is hold by absorption 
in the pores of the clay, and may be driven off on heating to 
•21^^ F. The dried clay may still contain as much as 10 per 
cent, ol water in chemical combination, and this can only be 
expelled at a much higher temperature, say 1100^ F., the 
material completely losing its plasticity, and becoming hard and 
rigid. Advantage is taken of this property in hrick-'maHng, the 
constitnentB in presence of the flux supplied by the lime being 
fused into a homogeneous mass daring ** burning." Fireclay 
does not contain the materials for forming a flux, and resists 
fusion on account of the large proportion of silica which it 
'contains, which varies from 66 per cent, in Stourbridge fireclay 
to as mucb^as 86 per cent, in that from Dinas. Firehnck» are 
deficient in strength, but withstand the highest temperatures, 
and are much used for lining furnaces and ovens. Glazed brickff 
are made from ^reolay, and have a thin glaze on the surface, 
produced by throwing common salt into the kiln during burning. 
At the high temperature possible with firebrick, the ralt is 
volatilised, and the vapour combines with the silicate of alumina 
to form glass, which fills up all the pores and covers the surface. 
A similar process is employed for glazing stoneware, which, how¬ 
ever, is produced at a temperature sufliCLently high to vitrify 
the mass throughout, rendering it quite impervious even when 
unglazed. The colour of clay is due to the presence of metallic 
oxides, chiefly oxide of iron, a small amount of which on burning 
imparts a yellaw colour to the brick. A rather larger proportion 
pn^uces the ordinary red appearance, and<with 8 or 10 per cent, 
of iron in the clay, burning at an intense heat converts the red 
,into the black oxide, which combines with the silicate to give the 
dark bine colour characteristic of the very hard and dense Stafford¬ 
shire blue hricke so much used in engineering work. Devon-' 
shire clay, being free from iron, is white when burnt, and. it: 
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therefore particularly suitable for pott^y, China clay or kaolin 
(so called from a mountain of that name in China)i which 
abounds in Cornwall and Devon, is the purest form of clay, 
having the largest proportion of alnmina in its composition, 
but ordinary potter’s clay contains a variety of impurities. To 
prevent excessive shrinkage and cracking during burning, clay 
for stoneware is mixed with a certain proportion of sand, ground 
Hint being incorporated with potter's clay for the same reason. 
Almost all clays require some preparation for brick-making* 
Thus both HiUca and lime must be added to the purer or 
strongly plastic clays, whilst the loamy or sandy clays require ■ 
lime only, and the marls or calcareous clays may sometimes be 
used witliout any addition* Clay pjtddU is largely used in 
engineering work for the purpose of rendering a structure 
watertight, as for instance, in lining canals and the embank¬ 
ments of reservoirs. Even in their natural condition such clays 
AH those of London and Oxford are practically impervious to 
water. Most clays, however, may bo utilised for puddle by 
“tempering,” or working up the clay with water bo as to fill 
every pore. It is upon this power of retaining water that the * 
ability of puddle to exclude water dopcnda. * 

Slate is a motamorphic rock,^i.«., one ori^nally deposited as 
a fine muddy sodiment, and subseqiientty c]^anged or meta¬ 
morphosed by heat and pressure. Common slate is an 
argillaceous or clay-like rock, very compact and fine grained. 
It does not readily part along the original bod, but may be Rplit 
quite easily along ** planes of cleavage ” which have been cauaed 
by intense lateral pressure long after the rock was consolidated. 
Hlate Is hard and tough, and should not absorb water to any 
appreciable extent* Hence its value as a roof covering, in 
addition, it nan be obtained very thin and light. There are 
quarries of enormous extent at Penrhyn and Llanberis, near 
Bangor in North Wales, the slates from wfiich are either blue 
or red in colour. Slates from Cumberland and Westmorland are 
remarkable for tbeir b^utiful green colour and great durability, 
whilst thoBe from Delabole in Cornwall are dark grey. The 
variation in colour is due to the proportion of iron contained.* 
^late slabs from I to 3 inches thick, and from 6 to 3 feet long, are 
Iso produced, and are largely used for many purposes connected 
|ith engineering and mechanical work. The{*may be used “ self- 
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faced’* ae split from tha blocks, ox may be sawn to shape or 
planed in a machine similar to a metal planing machine. They 
may therefore be fitted \nth great accuracy, and are in consider¬ 
able demand for cisterns, vats, baths, sinks, troughs, shelves, 
billiard tables, mantelpieces, fiooring, sanitary fittings, etc. 
Enamelled slate is produced by first painting the surface and dry¬ 
ing at alwut SO(y* F. in an oven. The enamel is then applied, 
re-stoved, and afterwards rubbed down, the operation being re¬ 
peated several times, after which the slate is polished with rotten, 
stone and -varnished. Slate has been largely used by electrical 
* engineers fur switchboards on account of its high insulation 
qualities. Slate blocks of considerable si^^e can also be obtained, 
and are sometimes substituted for masonry where transverse 
strength is required. The strength of slate 1 inch thick is stated 
to be equal to that of stone 5 inches thick, and as its resistance 
to shear is also much higher than stone, slate dowels or joggles 
are much used for the joints of heavy masonry. 

Sandstone is composed of grains of quartz or sand cemented 
together by silica, or by carbonate of lime or chalk, with which 
^ay also be present carbonate of magnesia, alumina, and iron 
oxide. SsAidstones are thus divided into two main classes, 
siliceous and calcareous, according to the nature of the 
cementing material. The grains of quartz are practically 
indestructible, and therefore the durability of the stone depends 
upon the cementing medium. When this is of a siliceous nature 
the stone is more durable than when the grains are held together 
with a calcareous (chalk-like), or an argillaceous (clay-like) 
substance. If the stone contains much carbonate of lime it is 
rapidly acted upon by the carbonic acid of the atmosphere, and 
the g^ns being loosened, the stone crumbles away. The 
Bulphurouk and other adds in the smoke of large towns, 
although most destructive to limestone, have little effect on the 
siliceous variety of sandstone, which. is exceedingly durable, 
especially when free from oxide of iron. To the latter substance 
the oolour of the stone is gener£dly due. Commercially, sand¬ 
stone is classified under several heads: (1) Thick-bedded, or 
/reestone, which is the beat and most homogeneous rock, capable 
of being broken almost equally well against as with the bedding; 
(^) flagatones, which have a good natural cleavage, caused by 
plates of mica in* toe beds, and which split readily in the 
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direction of the bedding, forming flags of almost any size and 
thioknesH; (H) UUntoMt, which are thin^bedded flage, aometimee 
need for roofing in. place of alates; (4) griU^ which are close- 
grained, strong, and hard aandetoneB from the “ Milletone grit” 
formation. Having a high reeiatance to crushing and wear, 
they are much used for engine and machine beds, foundations, 
sea walla, etc., where blocks of large size are required. A hard, 
compact stone quarried at Kenton, Burton, and other plaoea in 
the neighbourhood of Newcastle-on-Tyne, is much used for 
^indstonet. A special flie-resisting variety, known as fire* 
stone, is in high repute for the floors of glass furnaces, etc., ■ 
for boiler flues, and also for hearths. It is a soft calcareous 
sandstone quarried at Godstone in Surrey, and at Wideopen, 
near Newcastle, and is obtainable in slabs up to 10 inches thick. 
The most important deposits of sandstone occur in the carbonU 
ferouB series adjoining the coal measures, as at Leeds, Bradford, 
Halifax, Huddersfleld, Morley and Wakefield in Yorkshire, at 
Newcastle-on-Tyne, in Mid-Scotland near Edinburgh, in the 
Forest of Dean, etc. The many varieties of Yorkshire sand- 
Btone, all of which are strong, and wear and weather well, are* 
known under the general term of YorksUme, or “ liard York.” 
Craigleitk, a whitish grey calcareous sandstone quarried mear 
Edinburgh, is said to be the most durable sandstone, combining 
the hardness of granite with the beauty of freestone, but the best 
beds are now almost worked ont. Mansfield atone, from Nottiog- 
hamsbire, occurs in two varieties, red and white, the former 
being considered the most durable. It can be obtained in large 
blocks, and is suitable for carving and the finest work. A 
remarkably strong and hard Irish sandstone, known aa Sham- 
rock,” from couhty Glare, is now extensively used. 

Limestone.—Several varieties of limestone, such* as chalk, 
marble, Portland stone, etc., are composed of nearly pure 
carbonate of lime (CaOOs). Others contoin a considevable pro¬ 
portion of carbonate of magnesia (MgCOg), and are then known 
as dolomites, or magnesian limestones. Limestones in wliich a 
large proportion of clay is present are termed marls. Limestone 
is either of chemical, or organic origin, in the first case lieing 
formed by precipitation, and in the second from the remains of 
animals. Carbonate of lime is readily attacked by carbonic acid 
in the presence of moisture, and is rapidly decomposed by sul- 



m MiBCHANICAL TECHNOLOGY, 

phuric an^ other acids. Hence, ae a rule, lifneatone ie not so 
durable as sandstone, being liable to attack from the acid fumes in 
the atmospb ere of large tQvns. L imestone dl (Tera greatly in h ard- 
ness and texture from soft chalk to hard, dense marble. For 
mechanical purposes, five varietieB may be dietinguishtid, vtz.; 
(1) compact; (2) granular; (S) shelly; (4) magnesian; and 
(6) marble. Compaet limeat4me, such as Kentish rag, has a dull 
earthy appearance, and is devoid of crystalline structure. J'ias 
limestone, used for making hydraulic lime, also belouga to this 
class. The chief uses are, however, for road metal, and as a fiux 
. for blast furnaces and foundry cupolas, also in bleaching, tanning, 
and other industries. Granutar or oolitic (eggMke) linicHUme con* 
fiiste of grains of carbonate of lime cemented together by the same 
substance. The grains vary greatly in size, from very fine and 
uniform, as in Chilmark, to the large egg-shaped grains of Bath 
stone. This class includes many of the best known and most 
important building stones of thia country* Portland stone, 
which consists of a mass of fossils cemented together by carbonate 
of lime, is very tough and strong, and as it resists the action of 
•water in a remarkable manner, it has been much used for docks, 
sea-walls, breakwaters, fortifications, etc. Caen stone, imported 
frott^ Normandy, is havaluable for interior carving, but weathers 
badly. UmeBtone conaists almost entirely of small shells 

cemented together. Furbbok stone, aometinies called marble, and 
the carboniferous limestones from Hopton Wood in Derbyshire, 
and Pateley Bridge in Yorkshire, are examples of this class, and 
are largely used for paying. Magnetian li?ne$ton^ or dohmite^ which 
ia an anhydrous carbonate of lime and magnesia, (OaMg). 2G0a, 
contains from 15 to 40 per cent, carbonate of magnesia- It is a 
soft, easily worked stone, of yellowish colour, and U fairly durable, 
except whan exposed to a sulphurous atmosphere. The principal 
quarries are at Anston, Huddlestone, and Boohe Abbey, in York- 
^ire; at Bolsover, ih Derbyshire; and at Mansfield, in Notting¬ 
hamshire. Ai^ important and extensive use of dolomite is for the 
production of the bksic liniiig of the Thomas-Gilchrist steel con¬ 
verter. Marble is, strictly speaking, a hard compact limestone, 
capable of taking a high polish. True marble is practically pure 
carbonate of lime, GaCOs, but the name is now understood to 
include stones such as serpentine, alabaster, and dolomite, which 
have an entirely dif^ent com position. Marble is extensively used 
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^ a decorative material, aa it may be obtained in almost any colour 
and with a great variety of beautiful markings^ The colour is 
derived from the presence of metallic oxides, and in “madrepore' 
marble the “figure" is due to embedded fossiliferous remains 
The crushing strength of marble ia very high, and the percentage 
of water absorbed is only slight. The handsome varieties are too 
expensive to admit of their use for any but ornamental purposes, 
but the commoner kinds make excellent paving for doors, and 
the rougher material Is used as a flux, etc., for chemical purposes, 
or is burnt for Lime. Marble finds an extensive application in 
electrical engineering for switchboard work. The presence of 
veins due to metallic substances is objectionable, and preference 
is therefore given to the softer and whiter varieties. Formerly, 
moat of the white marble came from Italy and Greece, but of 
late years a loss valuable material, only slightly veined, has been 
largely imported from Norway in the form of slabs, suitable for 
counter tops, switchboards, etc. The polishing process is per¬ 
formed by machinery, sand being first used, then pumice atone, 
followed by rotten stone, apd finally putty powder. 

« Lime, or quicklime, is oxide of calcium, OaO, in a more or leas 
pure statea It is obtained by burning or “ calcining " limestone, 
chal^, or marble, in*a suitable kiln, a red heat continued for a 
few hours sufficing to drive oS the whole of the carbonic acid gas, 
thus;— ' * 

CaCOs = CaO + COj. 

The operation is continuous, broken limestone and fuel being 
thrown in at the top of the kiln, and the lime raked out at 
intervals from below. Qaicklime possesses caustic properties in 
a high degree, rapidly destroying any organic matter with which 
it comes in contact. It is therefore of great value in agriculture, 
and IB much used for disinfecting purposes. It “ slakes," or 
combines with water with great violence, giving out much heat, 
and falling into a soft white powder, which is hydrate of lime, or 
as it is termed, “ slaked lime," thus :— 

* CaO + OHa = CoHaOa. 

Hydrate of lime dissolves in water, forming a solution known aa 
lime-water," which rapidly absorbs carbonic acid from the 
air, and is converted back again into carbonate:— 

CaH^ + C0| = CaCOg + OHa. 
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The “ setting ” of lime dependa on the abeorpbion of CO® by the 
calcium hydrate, cryatala of carbonate being formed vvbich readily 
adhere to any rough aurface- The uee oE mortar in building 
operations, and of plaster for covering the surface of wails, 
depends upon this action during setting. Limes are classified 
ftwfollows: (1) Pure,rich,or limes, which contain less than 
6 ^)er cent, of total impurities. Fat lime increases onorniously 
ill bulk when slaked, but sets slowly, and is deficient in strength, 
being used only for plastering and whitewashing, (a) Poor or 
lean limes, which contain from 25 to 30 per cent, uselese Imptiri* 
tics. They slake slowly, with little increase in bulk, and have all 
tli^ defects of fat lime in addition. (3) Hydraulic limes are pro¬ 
duced from Uiuestones such as those from tlie Lias formation 
(hence termed liaa limes), containing a mixtui'e of clay, which 
constituent confers the projiGrty of hydraulicity. They slake 
with difficulty, but will set firm under water as well as in air, 
and are most useful in damp situations. Mortar is comfKiBed 
of lime and sand, usually in the proportion of 2 or 8 to I. The 
sand is fkdded to promote setting, and to.prevent excessiro 
I hrinkogo which would occur with pure lime* 

I Portland Gement—so called because when set it bears some 
^semblance to Portland stone-- is an artificial product prepajed 
by calcining and grinding a mixture (^ ky and chalk. A liquid 
mud or *' slurry,'* obtained by grinding together in edge runners 
or png mills chalk and clay in the proporlioti of 3 to 1, is passed 
into a large circular tank, in which it is kept moving by revolv¬ 
ing beaters to effect a thorough mixture. It is uextpuin[)ed into 
tlie upper end of a rotary kiln, about 7 feet diameter and t»0 or 70 
feet long, which is lined with firebrick, and set in an inclined 
l>osition on lollersi so that it may be revolved by powor at any 
required speed. A jet of gas and air, or of line coal dust and 
air, is blown in at the bottom of the kiln, producing an intensely 
liob flame, with a temperature of F. in* the region of the 
lower end. The products of eombuBtion, cooled d(twn consider¬ 
ably in traversing the length of the kiln, pass out to the chimney 
at the upper end. In this way, water is evaponvted from the slurry 
by gentle heat iu the upper part, the resulting '^sHp’* being 
thoroughly dried on reacliing the midille of the kiln, and sub¬ 
sequently burnt to “dinker” at tlie lower end. The Baini-fuaed 
either is delivered to a second, and finally to a third, revolving 
K.T. 0 
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ojlinder, through ^hich cold air ia blo'wti) and 'when cool» it ie 
finally converted into cement by grinding to an extremely fine 
powder in a ball mill, l^inenesa of grinding ia now regarded as 
of great importance* and the finer the cement, the greater the 
atrength developed. A cement of good quality will leave not more 
than 20 per cent, roaidne on passing through a sieve of 180 holca 
per linear inch, i.r., of 32,400 meahes per square inch. On adding 
water, cement has the property of setting and becoming extremely 
hard, either in air or under water, and as a binding material, it 
ia capable of adhering to, and uniting together with conBiderable 
force, Bubstances with which it comes in contact. 

Conoreta may he defined as artificial stone made by mixing 
cement as the matrix, with an aggregate coniposed of sand, 
crashed granite, broken stone or brick, etc., water in proper 
quantity being added during thorough mixing, preferably in a 
machine. The nature and proportions of the aggregate depend 
upon the purpose for which the concrete is intended. For medium 
quality concrete, suitable for foundations, wails, arclies, ordinary 
floors, stairs, etc., the proportions should be^ 1 cement to of 
sand, and 5 of aggregate. Concrete Is strong in oompreseion, but 
extremely Veak in tension. Concrete with steel in the form of 
rodi or wires emhedfied in it is known as re-inforced conereiet the 
steel being intended to trf e tensile stress, and compensate for the 
deficiency of concrete in this respect. Very extensive use is now 
made of re-inforced concrete for foundations, walla, floors, roofs, 
and buildings, and for bridges, piers, and engineering structures. 

Aaphalte is a natural product, which is mined in the island of 
Sicily, at Val de Travers in Switxerland, and Beyssel in France, 
at Limmer near Hanover in Germany, and in Trinidad and Vene- 
zuel%. JLt eonsiats of limestone impregnated with mineral bitu¬ 
men, its Composition being 80 to 90 per cent, carbonate of lime, 
with 10 to 20 per cent, bitumen. The latter substance, which is 
frequently mistaken for gas tar or petroleum refuse, is a natural 
mineral pitchy consiating of 85 per cent, carbon, 12 per cent, 
hydrogen, and 3 per cant, oxygen. It hah probably lieen forced 
into the rock in a state of vapour under enormous pressure. 
Aflpbalte is employed in two forms, viz., powder and mastic. 
The former is obtained by heating the pulverised rock at a 
temperatore slightly above the boiling point of water. This 
drives off moisture^ and partly liquefies the bitumen, which thus 
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acts /(Es a binder to the powdery mass when compressed by the 
hlo^ of the rammers used in laying the material. Asphalte 
njjfetic is prepared by heating finely piTwdered hiluminouB rock 
mth about 10 per cent of refined bitumen in a mixing miichme. 
After heating to 400^ F., the mixture is ran into moulds, form- 
jing blocks of about 56 ll>s. weight. Asphalts makes excellent 
roadways, and being impervious to water, is used for chirap-proof 
courses laid in the walls of buildings, for covering roofs, vaults, 
and arches, and for lining tanks and reservoirs. 

ABRASIVE MATERIALS. 

Emery consists id an intimate mixture of corundum (oxide of 
afumina) and magnetite (oxide of iron), which is found in naLui o 
in North Atnerica, Spain, Asia Minor, the islands of the Greek 
Archipelago, etc. Corundum occurs in transparent form as tiie 
sapphire, transhicent aa commercial corundum, and in a black, 
opaque mass as emery. , On account of its great hardness, emery 
is universally employed for grinding and polishing, and may be 
had in the form of powder (dour or grain emery), as emery paper 
or emery cloth, and in the form of solid discs, wheels, or bars of • 
various shapes and si^cs. In the manufacture of whecils, the rock 
emery as imported ia finely pulverised anti mixed with spme 
glutinous binding material. For the so-called “ tanite" wheel, 
75 parts glue are steeped in water an*d matted by gentle heat, 
25 )>artH tannin dissolved in uieiliyl alcohol being added, and GOO 
parts of the finely ground emery stirred in and thoroughly 
incorporated. The mass ao obtained is subjected to pressure ia 
moulds previously heated to 220^ F., and then raised to, and 
maintained at, about 255° F. for uime time. Both emery and 
corundum have been used in thia way for many years, liut^both 
tliese substances are found to vary very much in quality, and the 
supply shows signs o! diininishing, 

AFtifloial Substitutes for Emery have lately come into exten* 
sire use, the chief of which are cai homndum and alnndtm. The 
fonuer is a carbide of silicon (SiC), containing 68 per cent 
silicon, 30 per cent, carbon, and the rest lime, alumina and oxide 
of iron. It is produced by fusing together in an electric furnace 
at a temperature of about 4000° F. a mixture of sand, coke, 
sawdust and salt. The Carborundum Co. has erected a large 
works at Niagara Falla, operating with current furnished by the 
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hydraulic power plaiitu of XiugiAia, The general arrangemei^* 
furnace is shown iu section. Fig. 99, and in fcho photogr*'^® 

• 18 




Fin, 99,—Klectrk Fum>vi‘c for UnuufactDri: of CArbonmilum. 


Fig. 100. Tlie end walls, of highly refractory brickwork, 
‘ support the carbon electrodes, E, which, to the number of about 


•I-' 



Fjq. lOO,- Kicotrie Furnace for Manufactara of Cai^wrnntliiin. 

twenty-hve, take the form of square bars grouped together. 
Between the separate bars ai'e fixed plates of copper, to which the 
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iicta^ K, carrying the electric current are connected. The 
of simd, coke, aawduBt and nalt is seen atM. The latter 
inwtance Ih jiiti'o<lQcd(l to tomove imparitieB, such aa iron, the 
'jAulting cliloi idea being driven off liy volatilisation at the high 
»inperatiire. A core oi carlwn, 0, broken up into Bmall pieces, 
|B arranged in the centre oE the mass, and in brought into 
thorough contact with the (doctrorlcs liy einhetlding tho latter in 
powdorod charcoal at P. Tho furtiaco carries a current of il.OOO 
eleetriofti liorae-powor, which is run for thirty-six hours. The 
arc produced hotween the electrodes causes tho silica (SiOg), 
contained in the sand to unite with the carbon, thus i— 

SiO2+3 0 = SiCH-2CO. 

A section of the furnace at tho close of the oporalion is shown 
at (d), Fig, 9J), in which will be seen the carbon core surronuded 
]jy a layer of graphite, wutli the cryfatollinc carbide of silicon 
(carborundum), and the so-called ** wliite mass” of iimor}>houa 
carbide of silicon on Ibo outside, being the portion of the 
mixture renniining nnaffccted. Cn/xfolon is the name given by 
the Norton Co., the woll-known American makers of grinding* 
wheels, to a carbide of silicon product of their itfanufacture, 
which closely re&cmblos carhorundmn in* its properticB- and 
tnetho<l of preparation. Tu Germany, llio s^me substance Is 
known by the names of carboailifcc and electrornbin. Crystolon, 
being extremely hard and brittle, is highly efficient for grinding 
and pnlisliiug materials of low tensile strength, such as cast iron 
(ordinary or chilled), brass, bronze, marble, granite, pearl, etc. 
Alitiuhnu i:i Tnamifacturod by the Norton Co., of Worecater, 
MiiKH., U.S.A., who have a large electric furnace plant at Niagara 
Palis for the purpose. It is a crystalline form of oxide of alvmina 
(AhO;j), prepared from bauxite. Its clioTuical composition is the 
same as that of the ruby, winch Is the hardest natural subsUmce 
next to the diamond. . It is regarded as specially suitable for 
grinding niatcrial of high tensile strength, particularly* steel of 
all kinds. Norton afundum wheels have proved of great value 
in pretusion and tool grinding in engineering workshops. 

CharacteristlcB of Grinding Wheela. —Abrasive wheels ar? 
used for an immense variety of purposes, to meet which a wide 
range of different qualities, shapes, and sizes is required, 

' There are two distuiguishing cliaracteri&tit^, viz., ffneness and 
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Hardness of Abrasive Substanoes. 
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hardnesH, either or both of which admit of varijitLoii in adapting 
the wiheel to the clrtsti oE work to be done* The or eize 

of the grams of the grinding material, is expressed by the number 
of meshea per square inch of the sieve through which they will 
pass, and this number is referred to as the '‘grif'.or tfrain 
of the wheel* *Thiw, No. 80 is a grain which will pass through 
a sieve of thirty meshes to the square inch but will be retained 
on a sieve of thirty-six meshes, which is the next standard sixOpas 
^^own at page I9U. Emery and carborundum are crushed into 
grains numbered from 6 to 220, 0 being the coarsest, and 220 the 
finest manufactured. It is, however, not practicable or necessary 
to usa the very coifcsest or finest numbers in making wheels, and 
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experience has shown that the following numbers meet all 
ordinary requiremeuts:— 

Emery , . 16, 20,30,36,46,60,70.80, 90,100,120. and 150. 

Carborundum 14,16,20, 24,30,36,40,50,60,70,80,90,100,120. 
Alundum . 14.16.20.24.80.86. 46,50, 60,70,80,90,100,120. 

Two consideratioiia govern the selectiou of the proper grit for 
any piece of worlc, viz., the amoothnoBS of Jinieh required, and 
the amount of material to be removed in a given time. 

The SntoofkneM of Suifacti produced by emery of different 
degrees of fineness may be compared to that left by filea, as 
follows;— 


• 8 to 10 produce 

a surface similar to that left by 

a rasp for wood. 

16 20 

»» n 

a rough file. 

24 „ HO 

14 tf 

middle cut file. 

86 „ 40 

tt >t 

bastard „ 

46 60 

11 » 

second cut „ 

70 „ 80 

)> M 

smooth „ 

90 „ 100 

ti »l 

superfine „ 

120 P, and PF 

tf II 

dead-smooth „ 


Ilarfiucas, as applied to grinding wheels, is understood to refer 
to the quality of resistance to diBintogratiou. To form a wheel, 
the sharp, angular particles of the abrasive, or '* grit,** must he 
embedded in some binding material, 6r **bon(f/* for cementing 
them together. After the pariidea have become dulled by the 
act of grinding, they must be allowed to breah away in order to 
keep the wheel aharp. The longer the particles are retained, the 
duller they become, and the greater the pressure required to 
make the wheal cut. The hold, or grip of the bond upon the 
grits, is accepted as equivalent to hardness, and the berm (ft-ade 
I'etera to the degree of resistance to the breaking dout of the 
particles ixissessed hy the wheel. Different grades are obtained 
by varying the nature of the binding material used to hold the 
grains together. , 

The various processes of manufacture are Slistinguished chiefly 
by the substance employed to cement the grains together. The 
essential feature of the **bond” is that it shall wear away about 
as fast as the grains themsulves, so as not to remain projecting 
beyond the true surface of the wheel when the grains are 
detached, nor to oomhlDe with the cuLUngs of the material 
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operated upon to form a glazo* At the same time, it must not 
be affected by ^vater, or by the lient produced by grinding, and it 
must be sufficiently sirotig to withstand the centrifugal force due 
to the high si»ec<l at wliicli t)ie wheel muBt he run. The varioue 
cementingnmfcorialH in more or leas Hiiccessful use are: (1) com¬ 
mon glue hardened with tannin, aa in the ^^tanite” wheel; 
(2) vulcanite, or hard rubber; (3) asplialtuiii; (4) celluloid; 
(5) shellac; and (6) silicate (i.c., a mixture of silicate of soda and 
chloride of calcium). 

It must be admitted that wheels produced by either of the 
first five processes (known as comjmitiou are liable to 

the defect of gumming nr glazing, as the bond takes little pi* 
no part in the operation of grinding. A more scientific and 
efficient process is to employ a cementing substance which may 
be fused or bnimt during manufacture, and which therefore 
possesses some value as an ahrasive. Vitrijied wheels produced 
in this way are porous, and easily penetrated by water without 
being injuriously affected. As nil grinding should, whenever 
possible, be pnrformcd wet, this is a very valuable property. 

‘ For grinding cliilled iron or hardened steel rolls, or for finely 
linislicil aild highly polished surfaces, the quality of elasticity is 
indispensable, and ft has been found tliat this is l>est attained 
with wheels nin^c by the shellac process, and therefore known 
IS elusfje wherh. 

Carborundum and alnndum wheels are produced by three 
lifterent processes known as vitrified, silicate, and elastic. The 
nitrified wheel has proved superior for most grinding operations, 
ind the majority of wheels are now made in that way. The grit 
is mixed with bonding clay of the proper consistency, is run into 
monys, and when sufficiently dry to handle, the wheels are 
placed in* a kiln and subjected to the temperature at which the 
bond vitrifies, for a period of from eix to twenty days, depending 
on the size. In the silicate process the bond and grain are mixed, 
mid while in -a plpstic stale are tamped into iron moulds, and 
baked at a low temperature. For tool and knife sharpening, 
silicate wheels answer well, and the process is generally adopted 
for wheels of large size. Elastic wheels made by the shellac 
process are especially useful where highly-polished surfaces are 
required, or for operations in which wheels with thin sharp 
edges are necessary. 
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A wheel from which the particles are easily detached Is called 
soft, and for emery, corundum, and alundum wheels the grade 
from soft to hard is denoted by letters,.A being extremely soft, 
If medium grade, and Z extremely hard, as shown in the table 
below* The Carborundum Co, have, however, adopted the reverse 
}iomenclature, a'practico which, it is to bo feared, has led to no 
little confusion* 


Qrade Scale for Degree of Hardness of Grinding Wheels. 


Emery Arnl (Jnrunrltim. 

Alundtim and 

Ojftttiloii. 

i i ivtrfo. 

(lAi'hoi'uniliim. 

Extremely Soft 

« « 

A 




B 




C 




D 

Very Hard 

Soft . 

Soft. 

E 



F 

GX 



G 

Hard 




Hx 



H 

• 



• 

lx 

Medium Soft . 

Medium Soft . 

T 

Mcflium Hal'd 



. J 




K 




fi 


Medium » 

Medium , 

M 

Medium 



N 




0 




P 

Medium Soft 

Medium Hard 

Medium Hard . 

Q 




R 

S 

• 



T 

Soft * 

Hard , , 

Hard . . 

U 




V 




\v 

Xcry Soft 



X' 

Extremely Hard 

Extremely Hurd j 

Y 

Very Very Soft 

i 

Z 


The intermediate letters are referred to as degrees harder or 
softer; thus L is one degree softer than me^um, and 0 is two 
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degrees harder than medium on the emery ecale. It ie found 
that grades M, N, 0, P, Q, and R afford a sufficieut range for 
general engineering and foundry purposes, ae shown in the table, 

p. 202. 

Selection of Proper drain and Grade.^The proper degree of 
(coarseness and hardness can only be determined by trial. As a 
general nilej a hard wlieel acts slowly, and tends to become 
“ glazed," or clogged with particles of the material being ground. 
On the other hand, a soft wheel cuts rapidly, the particlea being 
abraded, and a fresh surface of the wheel exposed. The speed 
iit which the wheel is run is a matter of great importance. If 
too high, the whoel will glaze and the work liecomo heated, and 
if‘van too slowly, the wheel wears away rapidly, doing little 
work. The best results are obtained with a peripheral speed of 
not lees than 4,000 and not more than 0,000 feet per minute, 
;ind this would appear to vary very little whichever kind of 
abrasive is employed, 

Honea and Oilstones used in setting the edges of cutting tools 
belong to the class of sandstones. The name oilstone is derived 
from the fact that oil must be used to float off the One particles 
of steel removed from tbo tool in sharpening, inorder'to prevent 
tilling up the minute pores of the stone. The oil must not be 
allow&l to coagulate upon the surface of the stone, or it will 
considerably dimmish, if not altogotlior destroy, the cutting 
action. This iu due to the small, sharp-pointed grains or crystals 
of silica, which are hexagonal in form, and being harder than 
Hleel, will cut away and sharpen liardened steel tools. A number 
of varietieH of natural oilstone have been put upon the market, 
differing widely In abrading power or rapidity of cutting, and as 
a general rule it may be stated that fast cutting " is almost 
synonymous with coarseness of edge" produced. An oilstone 
must be of uniform texture and of even grain throughout, as, 
unless it wears quite evenly, it cannot produce a smooth, 
unscored edge. Thin veins of quartz are sometimes present, 
which are harder than the stone itself, and therefore wear away leas 
rapidly, with the result that the cutting edge of the tool may be 
badly scored. The chief varieties of oilstone in use are as 
follows: (1) Wa^hita^ found at Hot Bprings, Arkansas, U.B.A. 
This stone resembles carved marble in appearance, but is really 
a bard compact white sandstone, being composed of nearly pare 
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Bilica. The heat atone la very porouB, o! uniform textare ftnd 
perfect oryBiaUigntion. The poorer grades are vitreoQBj or 
** glaaey/' rendering the etone almoBt worthleeH< For joiners' 
and woodworkers' took, in which quick cutting rather than 
iinenoBB of edge ia the chief deRideraluni, Washita is much in 
request, 'rnrketf Sifiup Js quarried in Asia Minor, and is a 
very fine closeograined stonei containing about 7ii per cent, of 
silica, intimately blended with about 25 per cent, calcite. The 
colour ranges from white to very dark grey, and may he of 
Beveral shadea in one and the same piece. It possesses excep* 
tional abrading qualities, and will cut the hardest steel with 
very little pressure, hut is incapable of imparting a very fine 
edge. It is very variable in quality, and although expensive, is 
difficult to obtain of serviceable size without seams or Haws. 
(3) Forcjft Stona, found near Mount Sorrel, in Loices* 

tershire, is dark grey or greenish in colour, with red markings, 
and is much leas costly than Washita or Turkey. It is of medium 
cutting quality, but gives a tolerably fine edge, and answers well 
for woodworking tools. (4) Arka»>ta*( is composed of pure silica, 
and is found in the same district as WaBhita, which it resembles, 
but is more compact, of much finer grain, harder and more 
transparent. Il is^iuch the best stone for Hhari>ening very fine 
edge-tools, such as those used by engi'avers, surgical instruments, 
etc., and it will both cut and poUsh the hardest metals. The rock 
is difficult to quarry, being badly cracked and streaked with 
quartz, so that only a very small proportion of ])ure, sound stone 
can be obtained, and that of comparatively amai! size. Arkansas 
is consequently very costly, or at least four times more so than 
Turkey. (5) Hone is largely used for fine cutlery, 

razors, etc. It is a fine soft-gritted stone, capable of imparting 
a keen,'lasting edge. It is full of coloured veins or spots, 
which distinguish it from other varieties, but do not in any way 
affect its sharpening qualities. (0) German Ifoue consists of s 
thin **rubbeiv” of^ very soft yellow-green stone cemented upon a 
thin layer of Bomewhat harder stone of a dark blue colour. Its 
use 18 limited to setting razors, to which it readily gives the 
smooth, “gummy'* edge so much desired. (7) Scotch Hone, or 
Waitr-of^Aifr Stone^ is used with water instead ol oil, and must 
be kept constantly wet to preserve its good qualities. It is used 
to some extent by carpenters, tool-makers, inatrument makers 
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and opticians, but largely for polishing marble, lithographic 
Btones, etc, (8) Chocuhte Stotie^ and one or two other BimiUr 
vjii'ieties of line gritted Bundalone, quarMed in Indiana, U.S.A., 
nniy be used dry, or with either oil or water, with equally good 
rci^ultfl. They are much softer than Washita, and wear away 
much faster, but leave a fairly fine edge. (9) Artijkial OilHtone^, 
such us India Stone, which is made from corundum, and those 
]n oducod by tlie Carborundum Company, are specially suitable 
ftiitl convenient for engineers' use, the grit and grade being 
iicinpted for sharpenhig lathe and planer tools, milling cutters, 
drills, reamers, etc., or for any other purpose. 

ASBESTOS, from the Greek signifying ^Mncombustible,'* is a 
iiighly flbi oUH mineral, more neiirly ressmbling silk .than stone, 
[t is said to melt at about 2800" F., and its application in the 
industries is duo to its incombustible nature, and to its properties 
asan insulator of both beat and electricity* As a packing and 
iointing material, especially for high temperatures, it is almost 
without a rival, and forma the Itfisis of many wetbknown 
preparations. Asbestos is occasionally found as a deposit in 
.some of the oldest rocks which form the earth's smfface, such 
ua hornblende or amjihibole, augite, mida, ebrjsolite, and 
^ipentine. Like the rocks which surround it, asbestos is mainly 
composed of silicate of magnesia HiOaMg, together with some 
lime, alumina and iron. Its colour varies from yellow or brown 
to green or blue, although some varieties are snowy white, it 
is usual to cluBsify asbestos either as of amphibote or chrysolite 
variety, the difference being chiefly in the amount and condition of 
the water contained. The amphibole vaiiety contains about 5 per 
cent, of water, all of which is in combination, whereas in ch^so- 
liie about 16 per cent of water is present, of which 8 per cent, 
is hygroscopic or free. It follows tltat when healed to 1200^ F., 
the strength and other properties of chrysotolic asbestos are 
seriously affected, whilst on the other hand, th^ amphibole variety 
can withstand a temperature nearly twice aa hi^. Unfortunately, 
the fibre of amplubole asbestos is mvariably so brittle that it 
cannot be spun or woven, and for commercial purposes this 
variety is of comparatively little value. Very large and abniidant 
deposits of chrysoUte asbestos have been discovered in various 
parts of the world, the quality being tough, with long silky 
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texture, and capable of being epun and woven with ease. The 
present Bources of supply are the Italian Alps, Hussia, Canada, 
and Houih Africa, of which the two latter are by far the most 
important. The Cape asbestos is long, soft and very flexible, 
and is of a beautiful blue colour due to the presence of a 
certain amount of oxide of iron. This is said to render blue 
asbestos unstiitahle for electrical] purposes.^ The asbeetoS'bearing 
rock, which is mined in open pits, is first cruslied or disintegrated, 
and then cobbed*’ by hammering and screening, and assorted 
by means of packing belts into three classes: (1) long fibre 
for spinning and weaving, (2) abort fibre for millboard and 
similar uses, and (3) residue or powder, which is utilised for 
cement, paint, pipe and boiler coverings, etc. Under each of 
these heads, the various applications of asbestos are exceedingly 
ninnorous. As a fire-rosisfcing material in the form of double 
boarding for safety curtains in theatres, partition walla, firemen’s 
and electricians* gloves and clothing, lamp wicks, lumps for gas 
fires, and os a paint for wooden structures, it is very largely used. 
For jointing steam and water pipes, it is supplied in the form 
of Tnillboard, or in rings, with rubber, wire gauze or thin sheet 
metal insA'tion, to give the necessary strength and durability. 
In combination witlf rubber, it is also extensively used for piston 
and valve rod packing, and also for glands, cocks, etc., a form 
which, with the increasing use of superheated steam, has almost 
displaced all others. As a heat-insulating material, it is employed 
in two forms, either as a " sectional ” covering for steam pipes, 
boilers, etc., or as a cement for large or fiat surfiweB. In the 
first case, asl»estos fibre mixed with carlmiate of magnesia is 
moulded into half cylinders, which being held together by an 
outer covering of canvas can be clasped round the pipe, and 
secured in* position by means of flexible steel bands provided with 
buckles. Asbestos cement is a mixture of residue with infusorial 
earth (kieselguhr), itself a bad conductor, to which felt refuse 
is added as a. binder. This may be made into a paste by the 
addition of water, and plastered over the surface to be protected. 
Asbestos has also proved a valuable material for electrical purposes, 
being a good insulator and at the same time non-mfiammable. 
Bricks, tiles, slabs, and slates of asbestos for walls, ceilingB, 
partitions, roofs, etc., are now largely used in fireproof building 
construction. Thar slates are much lighter than ordinary Blatea* 
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and can be Bawa, nailed, and painted quite readily. XJraliU k 
composed of asbestoa fibre cemented together by a mineral glue, 
and pressed into sheets or slabs oi two ki&ds, hard and soft. The 
hard variety is intended for external work, partitions, etc., and 
the Boft for insulation, jointing, fire-resisting doors, etc. 

GLASS is a silicate of at least two metals of different groups, 
one of which must be an alkaline metal. The alkaline silicates 
possess the property when fused at a high temperature of dis¬ 
solving a considerable quantity of silica. Glass is thus a mixture 
of various insoluble silicates with excess of eilica. Two principal 
v^'etieB of glass are recognised commercially, viz.; (1) glass 
composed of silica, alkali, and lime, of which own plate tflaM 
are examples, and (2) glass containing a large proportion of lead 
silicate, as in the case It is found that lead increases 

the fusibility, and renders the glass denser and more lustrous. 
Common green bottle glass contains a large amount of silicate 
of iron, to which the colour is due. For colourless glass it is 
essential that no iron should be present,. and plate glass, for 
instance, must be made of the purest materials. The process of 
glasB manufacture is, in principle, exceedingly simple.^ Silica in 
the form of sand is heated with carbonate of*potash or soda, and 
either slaked lime or lead oxide. These ingredients, termed ** frit,'* 
fuse and combine together at a high temperature, say 2700^ F., 
the melted mass of ** metal '* becoming perfectly clear and 
extremely fluid. The melting is ejected in large crucibles or 
"pots** of refractory fireclay, each containing about 22 ewta. 
Alx>ut one-third of the whole charge is always composed of broken 
or waste glass, which is known as "cullet.** The molten mass 
on cooling gradually assumes a soft pasty condition of which 
advantage is taken by the workman in the operation of " blowing,** 

A lump weighing about 20lbs. is collected on the end of the blow¬ 
pipe, which is an iron tube, 5 or d feet lung, provided with a 
wooden mouthpiece. By blowing, the lump^is enlarged into a 
ftask-Iike vessel, the shape of which depends upon the position 
in which it is held, and the velocity of rotation of the tube, which 
is kept constantly turning. Glass is classified as crowns theet, or 
vlau. Crown glass is made in large circular tahlea, the large 
globular flask produced by blowing being .transferred from the 
blow-pipe to the end of an iron rod, which is.rotated with such 
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rapidity that by centrifugal force the flaek preaented to the heat 
of the furuace is tuade to assume the form of a thin flat disc 
or table.'* This is laid on a support, and after cutting off the 
rod, is removed to the annealing furnace, and allo\fed to 
cool slowly. The “bull's eye" or bullion formed at the 
point of attachment of the rod is removed on catting up 
the disc, the resulting jiteces being about 16 inches X 12 inches. 
In addition to the limited size, crown glass is not regular in 
surface or thickness, often showing circular wave-like mark¬ 
ings, and very little is now manufactured. In making sheet 
glass, a globe is first produced by blowing, and is then opened 
and ejipanded into a large cylinder. After removal from the 
rod, the neck portion is cut off, and the cylinder split up 
longitudinally by a diamond. Tho cylinder with the split side 
upwards is placed in the flattening kiln, and on softening by 
heat, it gradually opens out and falls flat upon the table. As in 
all processes of glass manufacture, it is finally annealed. The 
thickness of sheet glass nml for window glazing, picture framing, 
etc., is expressed as the weight in ounces per square foot, the 
* standard thicknesses being IG, 21, 26, 82, 36, and 42 oeb. The 
actual thicImesB of 21 ozs. may be taken at ^ inch, and the others 
in proportion. The'stock size for medium thicknesses is about 
4 feet X 3 feet. ,Plate glass is made by pouring out white-hot 
glass on a flat oast iron table, a roller of the full width being 
passed over the surface. When aolidiflcation has just taken 
place, the plate is taken to the annealing furnace, on removal 
from which it is known as rough cast plate, the material so 
mueJi used for glazing the roofs of railway stations, etc. The 
surface is very uneven and the glass lacks transparency, requiring 
to be^ ground and polished for the best work, such as shop 
windows, ntc. It is then described as polished plate, and can 
be obtained in any thickness from inch up to 1 inch, and 
in sizes up to 100 feet super for the standard thickness of } inch* 
Different colours 93 ay be communicated to glass by certain 
metallic oxides. Gold, lor instance, gives'a ruby colonr; oxide 
of cobalt, blue; chromium oxide, emerald green; ferric oxide, 
,./>range; uranic oxide, yellow green; tin oxide, opaque white, etc. 
Opalescent glass for lamp shades, thermometer scales, etc., is 
made by the addition of sodium fluoride. 

OUm9 tubing is produced by forming a thick hollow bulb 
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on the end oi a rod, when a working rod ia attached to the 
other end, and the two rode drawn apart, extending the buih 
into a tube. Gauge glassea for steam ^boilera, engine fittings, 
etc., which have to reeiat internal pressure must be made of 
Hpecialiy selected materials, and must, above all, be carefully 
annealed. 
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OILS, LUBRICANTS. ETC. 

Formerly olIh of vogotal>)e origin, and to eomo extent, animal 
oils and faK were iisoil fur lubricating engines and maebinery, 
but fekesG have now been very largely aupereeded by mineral 
oils, either alone or mixed with wiiwnited oil or soap to foi^m 
what IB known as a g]*6aBe oi HoUdihod oil. Vegictahle oih may Im 
divided into two clafiBOfl, (1) “ drying oilB *' (as, for eicample, 
linseed oil), which are subject to “ gumming ** or rapid oxidation 
on exposure to the air, and are used only for painting; and 
(2) ** non-drying" oils, of wliich rape oil ib typical, and which on 
exposure tends sooner or later to l)ecome raueul, i.e., to develop 
organic acids. Oils of the lirst kind are quite unsuitable for 
lubricating purposes, arul must l>e avoided. Of the second class, 
olive, eaBtfjr, rape, and cotton-Beed oils are exteiiaively uHed. 
They are extracted by hydraulic pressure from the crushed «Ked, 
and JifterwardB purified by means of a 1 per cent, solution of 
sulphuric acid, which uiUBt l)e entirely removed by Hul)He(|uent 
washing. Of the an(»ia^ fats^ tallow has heeti widely employed 
for lubricating hemp-packed stufliJig boxes, and lard, neatafoot, 
aud sperm oils have still their special uses. Mineral oiU are 
derived mainly from crude potrolciini, and in limited quantity 
from shale. Petroleum is found chiefly in the United States, at 
Bakp in Russia, and in Burmah. The diHtillatioii of crude petro¬ 
leum yidlds in order petrol or peiruleum spirit, benain, lamp 
oil, and what ie termed petroleum refuse. The latter ib a thick 
viscous Bubfitance, from which on further distillation with increasing 
temperature, Idie fqllowing products come off in the order given:— 
(1) Solar oil, used largely for lighting purposes; (2) spindle oil, 
specific gravity '89 to '90; (9) injichinery oil, specific gravity 
'90 to '92; and (4) cylinder oil, Bpcoific gravi^ '92 to '925. As 
thus obtained, the impure oils are usually dark-coloured, necessi¬ 
tating treatment with sulphuric acid, followed by copious waahingj 
and ohaccoftl filtrsitioii. The suitability of an oil for the purpose 
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in view de]>Gnds nmirily upon (1) ita risfioniif or consistency, and 
t2) itft mtcUtogili/ or lubricatin|^ powo*. A certain vieeosity is 
necessary to prevent the oil from bein?j squeezed out under 
pressure, wliicli would permit the surbices to come into metallic 
contact, causing abrasion and ultimate seizure. The proper 
degree of viscosity thus depends upon the hitenaity of the 
pressure upon the bearing. But witli an iiicreaBo in viscosity, 
tlie internal friction of the lubricant itself also increases, and 
upon this the value of the cociheient of friction between the two 
surfaces largely deiioiids. Under the very tight load to which 
the spindles of a Hpinning fraino are Huhjeeted, a thin oil, such 
iis spindle oil, will not be forced out. Hut the internal friction of 
tills thin oil, i,e,, its resistance to dlnplacenient on tbo bearing, 
is also very small, and therefore in this case, a thin oil lubricates 
liethu' than a thick oil, or grease. Hence for any particular 
jmrpose, that oil lubricates besfi which has just sufficient viscosity 
to be retained on (he bearing, and at the same time possesses 
the anmllest possibln degree of internal friction among its own 
pjirticles. As regards labricating power, experionco has shown 
leyoiul doubt that animal oils, such as lard, neatafoot, and nperm, 
possess this property in the highcHt degree, vegetable t)ilg, such 
as olive, rape, and castor, being decidedly inferior, with mineral 
oils lowest in the soils. An oil of any^oue kind alone is, as ft 
rule, much Iohh efficient than a mixture t?f two or more kinds 
properly blende<l for each particular set of conditions. The 
conditions to be fulfilled are:—(1) The viscosity must be as low 
JIB will just enable the load to be carried; (2) the internal friction 
of tbo oil itself must be as small as possible ; (S) the lubricating 
power must be as ^great as possible; and (4) oxidation muet be 
prevented, or reduced as far as possible by the addition of a 
.suitable quantity of mineral oil. The viscosity of ah^ oil is 
reduced with rise in temperature, and although a lubricant may 
be quite efficient at ordinary tetuperaturcs, it may become so 
ibin as to be of little value when used for steanyheated surfaces. 
When exposed to temperatures corresponding to high-preeaure 
oils of animal and vegetable origin are spee<Uly decomposed, 
l^trining products of an acid character, which rapidly corrode the 
metallic surfaces with which they come in contact. Mineral oils, 
en the other hand, may be obtained •with aufiicient viscdsity, and 
are nob afiected by superheated steamj or even tjhe high tempera* 

f 2 
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lures which are met with in the cylinder of a gas engine. Indeed 
without niinera! oil, recent developments in each of these direc> 
tions would have been impossible. It is therefore of groat 
importance to detenuine the diuih point of tui oil intended for 
USB at high tamperatuies. The flagh inihit is the temperature at 
which the vapour given off from the oil may be ignited by a 
smalt dame, without actually setting fire to the oil. The “ hnriiing 
point" is the teinperatui^ at which the oil itself takes fire and 
continues in flame. Cylinder oil may bo obtained with a flash 
}>oint of 70(r f., and there is now no difficulty whatever in securing 
a flaeh point of iSO^ F. with lubricating qualities of the higliesl 
order. Special procanlions must be taken in handling oils of 
very low flash point, 7ft” F. being fixed by law as the dangoroim 
limit. It is usual also lo ascertain the freezing point, ns an oil 
with a high flash point will Bometunes become quite stiff and 
immovable in cold weather. This is of great importance fa 
ice-making machines, refrigerators, etc. 

reeling of LubPlcanta.—Lubricants are tested in several ways 
for the determination of: (1) Chemical properties, action on 
metals, etc.; (2) speciflc gravity; (ft) gumming or oxidation; 
(4) viscosity; (6) smoke, flash, firing, and boiling points; (6) wetting 
or freezing point; and (7) friction and durability, by testing 
machine. Each of these tests is capable of affording valuable 
infonuatioD, although in some respects the interpretation of Urn 
results must be left to an expert. 

(1) By c/w/iical it is possible to ascertain the amount 

of water, and of free acid or alkali present, and this should never 
exceed a mere trace. The corrosive action on metals at 
-ordinary and at high temperatures is also determined in the 
chemical laboratory. Prriperly refined mineral oils have no effect 
whatever on metallic surfaces, but if mixed with animal or 
vegetable oils, the latter may, in the presence of high-pressure 
steam, be gradually decomposed into fatty acids and glycerine. 
The chemislf is siso able to discover any adulteration, such aw 
resin, tar, asphalt, caoutchouc, soap, etc., which may he dissolved 
in the oil, either accidentally, or with the object of improving the 
colour, greasy feeling, etc. 

(2) The denstit/ or ^’avUjf is determined by means of 

the hydrometer or densimeter, which has a graduated glass stem 
connected to a cylindrical or pear-shaped bulb to give buoyancy, 
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and beneath which ia the *‘ainker," containing small shot or 
mereury, to cuiise the instrument to float in an upright position. 
^Vhon placed in the ’ 

lt<]uid to be tested»the 
inatrument sinka to 
a depth which, enables 
the speciflo gravity to 
be read oil on the 
graduated stem. As 
oils are lighter than 
water, the graduation 
representiDg water will 
be found at the lower 
end of the stem, and 
the instrument will 
sink to a greater depth 
the lighter the liquid 
in which il is placed. 

The scale may be made 
to read specilic gravity 
direct, in which case, 
however, the gradua¬ 
tions will not come at 
equal distances apart, 

Fig. 101(£»). Empirical 
scales with uniform 
gmduutiuiiH are easier 
to construct, and are 
found to he more con- 
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veilient in use, arid of these Beaum6’s has perhaps been pioafe 
widely adopted, Fig. 101 (/>). The zero is obtained by placing the 
instrument in a solution of 10 parts common salt in 90 parts 
water, and the scale is arranged so that distilled water ^ 10^. 
Having read off “degrees Beaume,” the tru«;speeiflc gravity is 
found by reference to table. 

The table is calculated by means of the formula 


True Bpecifie gravity 2 = 


14fi'78 
186-78+ n 


where n = degrees Beaume. 
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B6aun]4*s HydFOmater for Liquids Lighter than Water. 



The reading of a liydrometcr eiiould be taken at nomml 
tcnipHratvire, i.c., l\, and for any other temperature a 

correction ehould be aiq)lied. 

(h> 'I'cHt for (imutnimj ami Oynhtitm. — Tliis may be carried 
out in a aimjde way by means of NuBinyLli'a apparatus, h'ig. 102, 

iniide by Mosbis, W. H. 
liailey tfc Co-, of Man- 
cbeeter. By iuseriinR 
Ibe pipette in one of tlic 
Hinuil boles provided, a 
drop of known size is 
allowed to fall upon a 
zero lino at the top of 
an inclined plane of 
gbiBs. The glass 2 )lttte 
may be kept at standard 
or any required tem¬ 
perature by means of 
a beating arrangement 
in side the box. The 
time Uken is noted, and 
the distance travelled 
down the incline is 
read off on a graduated scale at the side, and as a very thin 
film of the oil i^ exposed to the atmosphere on the plate, the 
tendency to absorb oxygen and the degree ol giunminesfl is 
rendered apparent. The results may be plotted on a diagram, 
Fig. lOS, for easy comparison. The test may also he carried out 
by allowing one drop of the oil under test to fall upon a 
plate about 2 inches X 4 inches, which is placed in a horizontal 
poaition, and heated to.a temperature of 120^ F. for machinery 
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oi),or212'^F.in the case of cylinder oil. Avery thin film ih formed, 
the condition of which is observed from day to day. It has been 
found as the result of this test extendingi over many months that 
pure mineral oil is absolutely free from any tondoncy to oxidise* 
At the same time, considerable evaporation takes place, the 
lighter mineral oils, such, for example, ns maclnnery oil, dis¬ 
appearing entirely when the ihin film Is maintained at a 
temperature of 120'^ F* for Ihirty-live hours. Rape oil under 



100 ISO Sxi 

TtmL m wws. 

FlO. 10:i—Twt for Gtnnmin^ iinrf Oxi^lntion (jf Oil. 


this treatment soon thickens, finally becoming quite dry and 
hard. 

(4) Teitt for — lUdtt'(\oiV ^ Vincosimeter, Fig, 104, is now 

recognisod in this country as the 8ian<lard instrument for the 
determination of viscosity. The oil receiver. A, which is of copper, 
silver plated, is IJ inchos in diameter, and 11^ iniiUes deep. In 
the bottom Is fixed au agato jet, J, having an opening which may 
i»e closed by a small ball valve, V, attached to t wire. It is 
important that the hole through the jet should he of standard 
size, vix., *007 mches in diameter. The oil receiver is surrounded 
by a water jacket, 0, inches diameter x dj inches deep, pro¬ 
vided with a diagonally pinjecting tube, E« fu{ hauLing the water 
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to the required temperature. On the onUide of the oil receiver 
is fitted a sleeve carrying four blades, H> which when revolved 
to and fro serve to agitate tho water in the bath. The required 
temperature of the water, as shown by the thermometer, T, carried 
on the sleeve, is first attained, and according to the nature of the 
oil to be tested, is usually either 70^ or 120® E, Oil previously 



heated to the aame/jemperature is then poured into the receiver 
to the level of the upturned point of the hook gauge, B, fixed on 
the aide. A narrow-necked fiask. graduated to 60 c.c. on the 
stem, is placed immediately beneath the jet in a vessel of water 
maintained at the same temperature as the oil. The ball valve 
is raised, and Bimultaneoualy a stopwatch is started,the number 
of seconds occupiec^^n the discharge of 50 c.o, being noted. It is 
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desirable that at least two observations should be made at the 
same temperature. The time in seconds is taken to express the 
viscosity of the oil, 'which, if desired, may he reduced to its proper 
value with any standard of comparison as unity. 



Por practical purposes, the viecosity of rape oil at 60° F. is 
usually adopted as standard. From a number of tests made 
with his apparatus, Redwood found that 5S5 seconds may be 
considered as the average time occupied by the outflow of 50 o.o. 
of refined rape oil at 60” P., the viscosity of water under similar 
circumstances being 26'6. Taking rape oil as standard, and 
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calling its viecoaity — 100« the viscosity of any other oU will be 
' found by multiplying the number of seconds occupied by the 
outflow of fiO €.<!, by 100/and dividing by 535, In the case of an 
oil having a different specific gravity from that of rape oil, which 
is 0'015 at GO” E., a correction mast be made by multiplying 
the resaU by the specific gravity o! the sample at the temperature 
of the experiment, and dividing by 915. If T = number of 
seconda for an oil under examination, and « = ita specific gravity, 

Viscosity = - Lv = 0-000204a T«. 

635 X 915 

What is known as the commercial viscoaity o! an oil ia 
det6rmine<l by the following expression:— 

Viscosity = 0'206 

(5) Flash and p'irin^ Pot»^s,^A small quantity of the oil to be 
teated is placed in an opm porcelain crucible, A, which is heated 
in a sand hath, B, by means of a Bunsen burner, Fig. 106. The 
temperature is taken from time to time, and occasionally a tiny 
gas flame, G, is brought to within inch of the surface of tlie 

*oil for the space of two seconds without actually toLiching the oil 
or the edge of the crucible. For this purpose the gas jet is 
mounted on a swlveb B, working between stops as shown, which 
enables the flame, to be brought into the correct position without 
trouble. In' Gray^s form of the apparatus, as made by MeHsrs, 
Baird and Tatlock, the crucible or cup is closed by a cover which 
may be rotated about i revolution, thus opening a small port 
through which, by the same movement, the flame is introduced. 
When, on introducing the flame, a flash is observed, or a 
slight explosion takes place, the temperature read oft on the 
thermometer gives the flash point. On still further raising the 
tetu^ieratu^’e until the oil, after being ignited, to bum, 

the firing point may be observed. 

(6) Freain^ or Setting PoinC.—This is not regarded as a test 
of much importenc^ in this country, althougli in colder regions 
it requires attention. It is neoessary to' fix upon a standard 
degree of solidification due to the lowering of the temperataroi 

^and this is usually taken to l>e such that a pressure of 2 inches 
of water will cause the fro7,en oil to rise | inch in a glass tube 
^ inch diameter in one minute. 

(7) Mechanical l^csihtg .—The efficiency of any oil or grease 00 
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a lubricant may be ascertained by noting itH behaviour when 
tented under normal eonditionb on a standard bearing of known 
dimensions. A number of oil-teiftinff mafkineK have been brought 
out for this purpose, most of them based upon the principle of 
the celebrated “ pendulum *’ tester of the late ProfoBsor Thurstoir. 
which ia made in this country hy Messrs. W. II. Bailoy & Co., Ltd., 
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of Manchester. As seen in Fig. 106, it consists of a friiine fork< 
at the top to form two bearings for a short shaft. A. on whic 
is fived the driving pulley. B. The machine la most convenient] 
driven hy a small electric motor, in such a manner that an 
desired speed may bo obtained. The slnft is uontiiiuetl to fori 
an overhang journal. 0, which is embraced hy two half^hrasses, ] 
contained in a frame, E, fixed to the pendulum. H. The coefficiei 
o! friction of an oil varies with the temperaiare. and it 
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important that tho totupcvalurc ttliould be maintained constant 
throughout a tost. A tliermometer, in therefore monritod in 
the bearing so that the tcuiporatare may be noted at intervals. 
The penduhnn ia tubular» and inside it Ik placfnl a spring, L, by 
means of which piesBiire may be put upon the journal. On the 
pendulum there is a gnulaatcd scale» N, Hhowing on one side the 
total presHUL'e on the bearing, and on the otlier sido the load per 

square inch, and the 
pres&ui’o may be ad¬ 
justed by nieons of a 
screw which is turned 
by the nii]lo<l liead at the 
l)oUoiuof the pendulvtm. 
In this way the test may 
be made to exUrnd over a 
fleriefl of Injuring pres¬ 
sures, the results being 
plotted in the form of a 
curve. Tlie pendulum 
carries a “bob” weight, 
J, at its lower end to 
provide the necessary 
moment lor opposing the 
resistance due to fric¬ 
tion, When the sliaft 
is rotated the pendulniit 
swings through a certain 
angle from the vortical, 
Fig, 107, and by means 
of a pointer moving over a graduated arc, 'W, a reading is 
taken fixrm which the value of tho eoellicient of friction may bo 
determined. 

Let V ^ total pressure, and p = pressure per square inch on 
the journal, 0 ^ which r = radius, and I = length respectively ; 
T = pressure of the spring; W = weight Of pendulum and bob ; 
E = effective length of pendulum ; $ := angle of deviation of tho 
pendulum from the verticail; F = force required to overcome 
friction; and /£ = coefheient of friction. The total load is applied 
to both brasses, and aH weight of pendulum may be neglected 
so for as pressure on bearing la concerned, F = 2T, and therefore 



Ku». 107.—Oil Titter in line, 
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- 

P 

13utM = pi ftnduB moment of P = moutent of weight of pendulum 
and bob 

Pr =zVfxr = y. 2Tr = "WK m\ 0, 
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The quantity-- is sJifiwn on tho graduated arc* and thus it 

only renmins to divide tho reading on tho arc 1>y the reading on 
the pendulum to obtain the required ooefficieut. When making 
the experiment* the oil to be teHted is fed continaounly on to 
the bearing, and the machine is run until the reading of the 
thermometer l)ocomee coiutant. The diaplacement of tho 
pendulum may fclien Im 3 read oflf. The coefficient of friction 
incrcaHes rapidly just after atariiug, but after awhile falls off 
again, and it is only after running for some time that normal 
conditions are reached. The machine may ho made self-recording, 
as seen in B'ig, 108, and an example of tho diagram produced is 
given in Fig. ZOO, which exhibits tho peculiarity just referred to. 



Fig. UKI.—DiRgram from Sclf-rt'osftlmij Oil Tcisler, 

Such tests, to be of real value, must always be reduced to some 
standard of comparisoti, and it is only in the ])roper interpretation 
of the results that their safe application lies. 

The hhrkanla for mrinUR pu/'/wsee may be classified as 
follows:— 

(1) ‘'Exk-eniely heavy pressures; Graphite or plumbago, talc, 
and mica. 

(2) Heavy pressure and slow speed: Tallow, solid grease. 

(3) Heavy pressure and moderate speed: Lard oil, thick 
mineral oil. 

(4) Moderate pressure and speed: Olive, neatsfoot. 

(5) Light pressure and high speed; Sperm, light mineral oil. 

(6) Steam cylinders and valves : Heavy mineral oils. . 

Mineral Oil for Lubrioailng PurposeB.-- It is usual to specify 
that an oil saitabld.for lubricating steam engines and for similar 
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htgh'Claas uses shall have a specihc gravity of from 0*9 to 0*92 at 
a temperature of 70^ F. The Hash point must not be under 
320° F., and the viscosity at 70® F. should be fiOO, falling off at 
120° F. to 120. The oil must l>e iveo from water, acid, wax, tar, 
or fatly matter, and must be entirely soluble in benzine of specific 
Ri’evifcy 0*67 to 0*7. No chnrrgo whatever must be apix^rent after 
twenty>four hours’exposure to the air m the form of a thin film, 
and the evaporation at 350° F. for two hours must not exceed 
0’6 per cent. The heavy dark cylinder” and “ valve ” oils for 
use in the cylinders of engines working at high pressure, and 
with superheated steam, have a viscosity of from 500 to 700 at 
12CF F., and the flash point is exceptionally high. 
















CHAPTER XX. 

LEATHER. IHDIARUBBER, GUTTA PERGHA, ETC. 

Tiir skins of all the domestic, and of many wild aniuials, aro 
jni'Hd or timned for the purjjose of making leather. Those from 
tho larger uuimuls ure known as hides, and from the smaller 
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aiiiuuik as skills. Tig. 1X0 represents a section*of an oxhide, 
luugnitied about forty dlumeterB, which shows that the skin 
conaietfl of three layeva: (1) the outer skin or epidermis, a, 
(2) the leathery skin or corium, &, and (3) the iuiior layer or 
dermis, c. The epidermis contains no blood vessels, and cousista 
solely of a mass of horny scales, packed closely together. This 
portion is removed preparatory to the tailing process. The 
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leat^ci'y sldii i» made iip of cells, which are soft and round, and 
which at the top are constantly iMitng dried and pressed dat into 
scales to form llio epidenois, which is always being renewed. The 
dermis is oom[K>scd of a fibrous suhstiuico, or tissue, and is fall 
of blood vessels and capillarieti. It also contains the sweat 
glands, ^ from which minute tubes or ducts run right through 
tlio epidermis to the pores, /, on the outer surface. This part ia 
also removeil before tanning proper commences. The hair, 
grows from minute sacs or hulha in the leathery skin, panaing 
through ducts in the epiderjuia. In the production of leather, 
the hair la taken oH preparatory to tanning. The but'tnesg of 
the tanner and currier is thus found to comprise three distinct 
branches: (1) preptiratory processes, (3) tunning proper, and 
(d) finishing. In tlie fir&t place, the hides ate thoroughly soaked in 
a vat of clean cold water, and all dirt washed out. They arc then 
laid over a beam, and the surplus fat removed with a blunt fieahing 
knife. They are next placed in a vat of weak Uine. and are lifted 
out daily, the lime being Btrengthuned until the hair gets loose, 
which takes about a week. After thorough washing in water 
they arc laid upon a Iwarn, ai^d the hair taken oJf with a liUint 
knife. All t'^acea of lime remaining are next removed by repeated 
washing, when the hides are ready for the " handlers.” These 
are large vats containing hinnin liquor, which is veiy weak, at 
first, and is gradiVatly strengthened. In this the hides are hifng 
for ton or twelve days side by side on sticks very close logethAr, 
and just below the top of the vat. 'this treatment is intended mi 
of)en the pores and “plump up” or swell the hide, to giv« 
thickness and hrmness to the leather. The ta/tnin(f prorcifft' 
proper now commences, the otJeratioji being effected by means of 
certain vegetable, mineral, or animal mabters, according to which 
it may he deBcribed as (1) hark tanning, (2) chemical tanning or 
tawing,” as in the production of white and chrome leathers, and 
(3) chamois dressing, as in the manufacture of glove kid, wash- 
leather, etc. In the bark procoas, the active agent is tanmo 
acid, obtimied Hy “ leaching” or steeping the rlud or l>ark of the 
oak in water. The hides are packed in large vats called ” lay¬ 
aways,” each capable of containing about ah dozen. The hides 
are carefully deposited one on the top of the other, with a layer 
of ground hirk belween, and when the vat is full, strong tannin 
liquor is run in until all are completely covered. According to 
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^E^» C. A- Schierea, the well-known belting manufaoturor of New 
York, the liides ehonld be tnkeu out after ten days, and the 
hiirk renewed hix tiuieH, the time allowed l>eing increased about 
five days for each sitcceeding layer, so that the last layer will 
require about forty days to penetrate the leather. In this way 
good leather may be tanned within four ntonths, although for 
ijeliing and other prime uses, six months shoulil be alh>wed. 
For the production of white leather, a solution of alum and 
common salt is employed, which, however, remains soluble and 
may be removed by washing, the leather l>ecoming hard and 
iirittle after tlrying. Good reaults have recently been ubtaineil 
by the use of chrome salts, and the operation occupies much 
less time than hark tanning. Chamois dressing is ejected by 
rubbing into the skin to be cured fatty Jiiatter such as train oil, 
wlitch is then allowed to oxidise by exposing the skin to the air. 
The grain or hair side is purposely removed during the pre¬ 
paratory tToaiment tp render the leather soft and supple, and 
capaiile of Ix^ing washed without losing its good qualities. The 
}m>eeiie<*H to which leather is subjected depend largely 
upon the purpose for which it ia intended. If required of closa 
and hard <iuality, it is liammered or rolled, Imt if,•on the other 
hand, softness and pliability are the chief idesiderata, the leather 
is treated with oil or tallow before drying.^ Several distinct 
(piaUties of loatlier are put upon thif market, the chief of which 
are: (1) jS'ofr it'athrtf which ia extremely dense and hard, and is 
used principally for boot and shoo purposcB. It is tanned from 
ilnck ox or buffalo hides, a considerable time in strong liquor 
lieing allowed. It is finished by hammering and rolling, and 
does not undergo any tmitment with oil or grease. (2) JMt a7td 
prittu lutntegg which is slowly tanned from selected hides 

in moderately stremg liquor. When the leather is from the , 
vat, it is oilud on the grain side and hung up in a darkened room 
to dry at a uniform temperature, very little heat l)eing used. It ^ 
should then 1)6 of a clear russet colour, and, if I'cqiiired for 
bolting, the hide is soaked in warm water, and tlie ** prime " or 
“ buttiX)rtion cut out,Fig, 111. The rest of the hide ia known 
ns waste or '^ofTal,*’ and is finished and rolled for bootmaking. 
After thorough cleansing, the butt is oiled on the grain side and 
hung up to dry, and in a semi-dry condition it is dressed with 
^'stuffing,*' composed of beef tallow and train oil in equal parts. 

q2 
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This requires about Iwenfcy-four bouTB to penetrate the leather, 
whieKiris then kept under eonsiderahle strain for sonio time in 
Bpedal stretching machines, lb in lioallj worked down smooth 
and hard by machinery, aud is put Into a drying room bo season. 



The ordiimry metJiod of belt-mokhtg is to cut the Icathnr into 
strips of the width required, the pieces being accurately matched 
for thickness, and then joined together to form a belt of any 
required length. The joints are made by “ feathering ” or 
paring down the of the strips in aspeotal machine, and over- 
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every 3 or 4 miuare inched) of belt, Etg. 114. In the ca&e of doulile 
beltiB mad© tmm leather cut spirally on Sanipnon & Co/s plan, 
Pig. 115, the single belta nr© put witii the longitiulinal seams face 
to face, a thickness of canvas is inserted, and tlwn the wliole is 
pegged through with wood pegs, the outer edges being sewn with 
waxed thread. Many large IjoIIk up to 6 or 8 feet wide have been 
constructed on this plan. Tliere is one width more on the puUoy 
bide than on the outside of tlie belt, the joints being arranged to 
” split” or break. From i)rimo leatlierare also made the hffdmulk' 
katherg or 2 M('iiW{tg used for )>iTHses and otUerhydraulic imiciunery. 



V'lO. IK>.- Dtmhle Belt nn Siii«p®on*ii System, 


Such packings are made from solid tlavn of leather, which are 
'* blocked” when in a 0 )oiat soft condition in moulds of the 
vecpiired form, in a hydraulic }n'ess, big. 116. After forming to 
shape by means of pinu-li and die, the 1>otbom, in case of hat and 
U leathers, is pilnched out by means of a ?ing, as ehown. The 
mould containing the leather is thon set in a warm phice, and 
left to dry for a few hours* when the projecting portions are cut 
«away, and the edges lievelled, as shoAvn. A sirnplo form of 
clamped mould, which may be made of liard wood, and which 
answers well for the smaller sizes, is shown in Fig. 117. Air 
holes must be provided in the moulds to allow air to escape, or the 
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mould cannot be cloHed properly, (B) Vppt‘i' f4(‘otha\ so called 
from its appilciition in the manufacture of boot uppern. It in 
tanned from thin hides, such as those uf tho cow, horse, calf, and 


Copttath^r Hoi Leather fi Leathitr- 



riu. of Lettitiors. 


gnat, the ]>rnccHb being (wcoinpliKlied with W(wilt liquor and ii; 
relatively short lime. J);iring the liiiiHliitig operation, il in diessed 
with cuvrier'H <lnlibin, consisting of iiaiii oil and tallow, of which 
cowhide may absorb as much os DO or (iO per cent. (4) 



yia. 117.—lUnclc for fcinnhig U Lmthcnl. • 


lAafhfr is produced largely from the skins of slioop and lambs, its 
principal use being for the manufacture of kid gloves, and for 
linings. It is softened, not by dressing .with oil or grease, but by 
drawing it repeatedly over a smooth rounded surface of iron. 
(5) and Bnckttnn, etc., are obtained from the skins of 
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tiio (leer, iitid goat, and have a wide application in the 

proihictiion of fancy iirticloH, (ij) Hmc Ilhfr. To eiiaure nowolcfla 
nniiiiiigof tonthnil at a }ng)i Bpeed, pinions made of raw 

hide arc fn qiiently cmidoyod, 'I'ijia material is prodnco<i from 
saltiul hiitTalo liides in the form of tiiin discs, which are reduced 
to a solid iniiH-i in nii liydiaulic pivHt?, and may then ho turneti or 
niiichinod nxactly in the k imk) way as cast iron, to which it is 
scarcely inferior in wtnoigtli, !Hcrk(^rs for operating the slinUles 
of powm* looms are alino.-jt iiivnriahly made of rjiw hide, which is 
also eiiiployed for the niaiuifacture of 
driving hninU both of round and wedgo- 
hfoiped sccUon, the iattor being extern- 
sivoly used fur motor cycles. Laces or 
thongs of row hide juo uiiich used in 
making tlie joints of ieaihor belts. 

Substitutes for Leather Belting. — 
Woven helling, nianufoctured from 
cotton, flax or hair,” is tlu^ must for- 
miilablo rival of leather. There are two 
priJicipal varieties, <1) Cnur^iH HrUiiui, in 
\vhi(di a stout canvas, or white cotton 
"‘duck” of the mx^essary sti'ongth. is 
folded to the rerjuired widtf) and tliick- 
neas, and passed between rollers, which 
press the **plies’^ fogelher. It then 
proceeds to a sewing machine, which has 
a sot of rollers on eacli side, tlic fuiictioii 
of one set heitig to advance the canvas, 
FiQ.ti8.-WovcnBcitm!;. that of the otlifif to bold it back. The 
canvas is thus powerfully stretched, in 
which ’fitatq it is sewn, tlie rows of stitching being aliout 
inch apart, Fig. IIH. It is ne.\t allowed to soak in a 
large tank of litjsoud oil for about a fortnight, after which it is 
removed to a second tntde containing red silicate paint. The 
surplus oil is aft.irwiiVds squeezed out in U' mangling machine, 
when the belt is ready for the final process of imparting 
“tttretchlesBimss'* by straining it iu large frames for about a 
*tortnight. The well-known Gandy belt is the best example 
of this class, Fig. 118. (2) CoU<nt liillififf. Commercially, the 
difference between “ cotton " and canvas belting is that cotton 
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JH wovoti in one solid wob, canvas is folded to the required 

liioadth and thieliiieHS. Otherwise the material and pr<JcesH of 
loaiiufneturo is the same for botli. The Bo-ealled cauiel-liair 
halting, whittli Jms the appearance of rough Turkish clotli or 
iilij’t) nuittitig, is not Ciuuel hair at all, hut in woven from coarse 
Egyptian cotton, and subsequently coated with red silicuto luiitit, 
as tihovo doscribcal. The paint is intended to act as a pre- 
servaliy'e, to protect Hie cotton from atinonpheric inlluena‘s and 
lljo attack of inntlia and inKocIs. Olhm* Huhstauees, such as 
erensnie (used in the ' Scandinavia” belt), have from time to 
lime himn pi*t>pos<«d with Ihci Bame object. ItuHanfhht'r IMiitiff. 
A cotton foundalinn may also bo watoiqimofed l^y cementing 
[ngether tlio canViis plies witfi a <'omposition of indlarabber* 
'L'his gives gooil rosnlls in damp sitnatious, but in expiuisivo, and 
must be koi‘l free from oil or grouse, hidnfft preparcil 

in a eimilitr mannei with Imliita (see p. 2>i6)p is quite impervious 
to moisture, and lias given tfie groatost satisfaetzon for driving 
ill tin; opmi air, or in the steam-laden atinospbore of dyehousee, 
etc., and for conveyors. 

Most li xlilo or lihro belts are stronger and lighter, and leas 
expensive Llnin leather. They can be oblainod of any i^aHonable 
Irugih without joint, perfectly straight, and of uniform lireadth 
and tliickneas, and therefore capable of running with groat 
legularity and evenness. Tliey am lx;ltdr adapte<l for use in hot 
damp eUmates, or for exposure to heat or Hteani, than lonthcr. 
(Jn the other hand, no really satisfactory method of making the 
joint in a woven belt has yet been deviped^ With the best of 
biSteiiers at present iu use, the stviingth of the joint does not 
exceed HO }>cr cent, of the strength of Lbo solid belt. Except in 
situations for wbich leather is not adapted, manufuctiired belts 
are found to wear badly when compared with lcalher,jaii(l*are 
quite unable tu resist iho action of belt forks or guides, as required 
for fast and loose pulleys, etc. 

Indiarubbep op Caoutchouc is the congealed and jdried juice or 
milk of variouK trees gi'owing in tropical counlries, and is esaeU’ 
Hally a mixiiive of several hydrocarbons of the turpentine oil 
ISeries. The best quality, known ns Tarn rublier, which comes 
from Brazil, is obtained from several of the llct'ca species, and 
rouslitutcB tb(! most important source of supply at the present 
iime> The raxv rubber is more or less dark coloured, partially 
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transparent in thin sliues, but Ojiaque in the lump. The most 
noteworthy property ot ruhboi- is its elaHtitiily, but it is also very 
plastic, or capable of mouKiod. Tlie tappinf[, collocLing. 

and smoking of the milk is done by natives. From a spira] 
incision made in the bark tA the rnbl>er tree, the latex or milk is 
allowed to flow into cups, as seen in the photo, Fig. 119, kindly 

supplied hy Messrs. David 
Bridge A (.Ig., l4td.,(.Wlc- 
ton, the well-known 
makers of rubber 
innrhinery. Bolidification 
of the juice is effected in 
several ways. On the 
banks of the Amazon in 
liraxil, the ond of a club'- 
shaped slick ia covered 
witli eday, and is thrust 
into the juice, when a 
thick covering adheroa, 
and is euiised to congeal 
by holdhig the stick over 
a smoky fire, 'Hie opera¬ 
tion is repeate^l until a 
sufficiently lliick (boating 
of rubber is obtained, 
which is then cut through 
on one side, and drawn oil 
the stick. The juice o! 
the Para tree contains 
about 82 per cent, 
caoutchouc, 12 per cent. 
albununoiiH and saline 
matters, and 56 per cent, 
water. Tho process of tHnsolriutf indiarffhiter was patented 
by Macintosh in 1628, coal tar oil beitig used for the purpose. 
Ordinary rabl)er is made up of two constituents, one soft or 
viscous, and easily removed by solvents, and the other hard and 
fibrous, capable of l)eing rrorked up when allowed to swell in coal 
tar oil. Native rubber is hard when cold, but becomes soft and 
sticky on being ^ heated. It is therefore unsuitable for the 
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mAjority tif purposes, especiftlly rtH in this form, it also alworbs 
water to tbe exteiifc of 25 per tent of its own weight. Rubber ia 
tliei'oforo vulcanised or melted with sulphur, a process diacuvered 
by Goodyear in 1842. In this form it retains all its original 
prniiei’tiBa,or if anything is even more elastic than nnvulcauiscd. 
Ha nature may however be entirely changed by the operation of 
” burning/* i.t\ eKposure to a toiiiperature of from 250^ to 2i)5® F. 
If tho atnnutit of snlplinr is increased to 25 per cent, of the 
weight of the rubber, and the mixture stroii:^ly heated for a 
sullicient length of time, the substance trnovvn as tCfn^rnff. results. 
Raw rubber is readily penetrated, and swells considerably when 
iitjiuorscd in oitbur ben/.ine or carbon bisulphide, but when 
vulcaiiisod islitllo acted upon. Many applicHtionsof rubber, such 
n.A tl )0 manufacture of shoes, etc., dejiend upon its plasticity, and 
the fact that it can bo moulded in-^o any shape before vulcanieing. 

this purpose, the raw rubber ign into small pieces, is boiled 
^Iwatcr, atid is washed by passin, rough rollers over which a 
^JfirQiUix of water is kept constantly r^piining, to remove dirt and 
inipuritioH. It is tliou mixed with flowers'of sulphur, and 
thoroughly iiiasticatcd in a kucadlng machine. The heat gene¬ 
ral, which may be assisted from an outside source if neceS' 
sary, renders the tiiass perfectly plusliic, so that it may be moulded 
into any required simpe, or rolled out bet^veon heeuted rollers into 
linn sheets. After the desired form has l)6en imparted to them, 
Urn objects are subjected to the burning i»rocefia, which is often 
effected by the acUon of steam in large receivers. Rubber exposed 
to the air and also to strong light deteriorates Vapidly. It is also 
partially dissolved l>y oil or grease, a very miiuite trace of which 
cHiises oxidation and cracking. It dissolves in pure ether and 
[>6troleum, and remains unclmnged on the evaporation of the 
solvent. It iH softened, hut not dissolved, by boiling wfftar, and 
is insoluble in alcidud. Pure caoutchouc has a specific gn^vity of 
0-S)25, and cimalstH of carlion 88J per cent., hydrogen 8^ per cent., 
and oxygen 3 pec cent. Indiarubber, althougii expensive, is in 
great rec[U6st as one of the best known materials for the insulating 
covering of electrical cables and conduefcora. Largo quail titles of 
rubber are consuniod in the manufacture of pnouQiatic tyrea for 
motor-cars, and of flexible tubing, hose pipe, etc., for gas and water. 

Gutta PeTOha, discovered in 1848, resembles indiarubber in 
Home respects, although not to be confounded with it. Gntta 
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porcha is derived from tbo coagulated milk-juise of certain treoA 
of the 9a)h)faf.f<cQ\’dfti\ growing cbiedy in Malacca, Sumatra, and 
Borneo. The collection and preparation of gutta perohii la carried 
out much in. tho Maine way aa in the cjiao of indiaruLbar, with the 
diderenco that Ihe tree must hrab be felled before bleeding for the 
juice or “gutta." Oatta perclia may be vulcanised in the BaiTK! 
way as indianilibBr, and with Hiniilar reeulU. Unlike rubber, liow- 
evcv, gutta pcvobji ia not olaatic. In the raw state, it is brownish 
in colour, but when pure is quite white. It may be entirely dis¬ 
solved in carbon bisulphide, or chloroform. Being an excollont 
iiiHulator of electricity, and at the same time quite ineoluliie in 
and impervitma to water, it is much used for covering aubmarino 
tclegrapii and other cables. 

Balata is not, as commonly euppoKod, a vegetable fibre, but a 
gummy substance reseiubling /jithi pereba. It is obtained from 
the milky juice of trees of a^«er variety of the mpotatctf order, 
which flourish abundantly ^^ftitish Guiana. Exposure to liglit 
and air does not affect b JV< to the same extent as rubber and 
gutta percha. It is much^sed for waterproofing purposes, and 
in the manufacture of woven belting. 
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PhKI’AUATHIIV l*Kt)t'KSSb:s. 

GHAPTEU XXI. 

CLASSIFICATION OF METHODS OF WORKINO. 

60MMKNCINO with the raw material, as already shown, the 
operations itivoWed in fashionini^ metals into various shapes 
may fco elassiiied as follows : — 

(A) Methods depending upon the property of fusihility, by 
pouring or casting" the molten metal into a mould of the 
required form. 

(B) Methods depending upon the properties of malleability 

and ductility, such as hammering or forging,** rolling, wire* 
drawing, etc. » 

( 0 ) Methods depending upon the property of divisibility, or 
cutting, such as ** turnhig " or ** machining,*' shearing, punching, 
grinding, etc. • 

The lirst two methods of working may be regarded as prepara¬ 
tory, and in the majority of cases are followed to u greater or 
less extent by operations comprised under the third head. 

SECTION A.-HETHODS DEPENDING UPON THE 
PROPERTY OF FUSIBILITY. 

For the production of ciastinga, the metal is melted in 
cnicibles, or in a special type of i'urnace called a cupola, and is 
poured into moulds formed in sand contained in suitable boxes. 
The mould is usually formed by means of a wooden patterOi 
which is made of the same size and shape as •the Irequiied cast¬ 
ing. Consequently, three distinct branches of work must be 
rccogniBed, viz., pattem-makingf moulding, and founding, the 
latter referring more particularly to the meltiug and pouring of 
the metal. Certain general principles which are of great impor¬ 
tance alike to the designer and the pattern-maker must Arst be 
considered. Almost all substances expand,when heated and 
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contract nheti cooled, but in the case of metalB, it is desirable to 
(llatinguiBl) between tbiuid and solid contraction. The former 
refers to the gradual lessening in volume uf the flnid metal an 
it appraaches solidification, and the latter to the coDtractioii 
after solidifieation 1 ms taken place until thotnoial in cold. This 
is best expressed hy referring to 'liquid shrinkage/’ and solid 
contraction/’ As a result, Ihe casting is ni>pret:iably snialler 
than the hollow interior of the mould in which it was formed, 
and to coinperisale for this, the paittum-maker must ** allow for 
contraction/* hj making the dimensions of the pattern larger 
than those of the required casting, by an amount eciual to the 
sbririkoge and contraction which taka place during solidllicatioti 
and subsequent cooling. The coefficients of expansion for diffei ent 
metals are well kiu»wn, and hear some relation to the contractioii 
which occurs in cooling down from the melting (i,c. solidiilcation) 
point, and which is usually taken as follows ;— 

Per foot. 

Cast iron in bedplates, frames of large machine tools ^ ^ . 

„ „ „ girders, lathe bods, etc. . . . .1 ' 

»» »f n pipes and cylinders . . . . J 

Brass ..Jh ** 

Gun metal. I „ 

Steel , . '.Yu » 

Copper ..Yu » 

The average amount for cast iron may ho talien at incfi per 
foot, which is equal to ^ inch in 2 feet t> inches, and so-called 
''contraction rules/' longer than the ordinary 2 foot rule in this 
proportion, may ho lunl in the shops, and answer w'ell for general 
work. At the sauie time, it should be notetl that the otmtraction 
of a GOinplicaied casting, such as a steam engiuo cylinder, does 
not*follow any regular rule, and although a liuavy casting will 
usually contract less in proportion than a light one, spur svheels, 
on the other h iiid, cotitract in diameter proportionately much less 
for small than for large si/es. The quality of the motal niiiKt alsr) 
l>e token iiito*acc(Aint,as hard iron of the.inoitled or white variety 
contracts more than gray. In fixing the allowance for contraction, 
much must tlierefore 1>6 left to judgment and experience in all but 


very ordinary cases. The eflects of coatractitui, and especially 
of uneqmtl contraction in cooling, may, unless carefully guarded 
against, produce unsound pi aces, warping, twisting,or even fracture 
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nf ft easting, and must ho thoroughly utideralood by thu draughta- 
uian atid designor, A casting caiukjI poHsibly cool siiuultAneously 
in all parts. Thu outside seta and contracts first, and to tiiis the 
still liquid metal iiiaida attaches itsoll as it solidifies, leaving a 
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(joroas or JioUowpInce in the interior. Hence,on liioaking a casting 
intended hu* a Holid ball. Fig. 120, a cavity will be found enleuding 
from above the centre upwards, and Kimilarly, near ll* junction 
i)t the anng and boss of a wheel or pulley, Fig. 131 , a '‘drawn *' 



Ktg. 123.—.Itmcitoii of flftU' OT 
lluniKT. 


Fin. 123.—Plate t'rtst ‘ti Open 
SittiiL 


place will often be observed. The junction of a gate or runner 
with the thick part ot, a casting will produ{* tbd same result, 
Fig. 1 * 22 , a rough surface or depression being left on the onlside, 
with A hollow cavity iromedialely beneath. Due to the vacuum 
in thin cavity, the metal above is forced in during cooling by 
atmoiipheric pressure, thus leaving the cbarocterislic depression 
generally noticed. The position of the casting in the mould will 
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also Influence the rate of cooling. In the caee of a plate ctist in 
open saiul. Fig. the up])ur surface, being divecLly exposed to 
the air, cooIk lapidly and eefce, while the lower portion in contact 
with the sand of the mould parts with il.s heat much more slowly, 
and continuing to contract after the upper i>art has Bet, causes 
the plate to become rounded*' on the top. Again, the heat can 
get away much, juore rapidly from the outside tlian from the 
inside of a hollow cfiJMcKf and consequently the outside cools 
and sets first, and in thrown into compression by the contraction 
of the interior which is still cooling, as shown in tlie cross HOcth)n, 
Fig. 124. It is thus seen that unequal contraction ta bound to 
produce a state of internal stress, which, acting in opiK>Hittoa to 
the strength of the material, seriously reduces the load which 
may 1)0 safely put iqKni the casting, 
or may even produce fracture before 
removal from the mould. A familiar 
ease is that of a whed or jmUetf* If the 
section of the rim is largo In prupnution 
to the arms a))d boss, as in a Huiall lly 
wheel, tlu3 rim will cool last, and by 
contracting upon the arms, wliieh thus 
act like ladial pillars, may be bnjkeii, as 
in Fig. 125. On the other hand, the rim 
of a handwheel or pulley, being com¬ 
paratively thin, will set before the heavier arms and boss, the sub- 
seqh^t contraction of which will put the arms in tension, rendering 
them lia'hSe to fracture at their junction with the riiu, Fig. i2fl. 
For this readdlb arms of small Hy wheel.v ami pulU^ys are often 
made curved, I?igV^127, a foi*m which, on account of its obisticity, 
readily permits of eL -sfight alteration in length in either direc- 
tion-i thus avoiding stresses of dangerous magnitude. From 
these cotmiderations, a Very importuni rule is deduced, vis;., 
that the tkkknesa of a c<$atin() $ho\Ud be kept ae nui/onn as possible, 
and that wherever ineqaalitief in tIUekucss are tutaeoi/hble, the 
chanffe in sect^wn Bhntthi be as gradual as possible. Formerly great 
importance was attached to the determination of the most 
economical form of section for a cast iron girder, which, in order 
to allow for the great diflereuce in the compressive and tensiJi^ 
strengths of the metal, was supposed to requite a thiu and narrow 
top flange united to a thick and wide bottom flange, Fig. ]2B a. 



Flo. ia+.—(!oii(rftf;tioi5 of 
Hollow Cylimtrr. 
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.Thie ifi, however^ a very difficult form of eection to caati without 
running great riskK of netting up internal BtrenneB of considerahle 
Tnngnittule. Not oniy ie this the case with regard to the several 
parU of the cross section, but the unetiual rate of cooling makes 


(«) (b) ♦ 



FiQ» I2S.*—Snctiun of Ohiit Ietjh Clitdcr. 



Fiu, 129»—Contraction of Cast Iiod 
Oinier. 


itflclf felt in a longitudinal direction alsfj.and as the thick bottom 
danpe continues to contract long after the top flange has cooled 
and set, the girder becomes curved when cold, as shown in Fig. 

120. Tliere is little doubt that 
the existence of contraction 
elresHes has been largely respoii' 
sihle for many cases of sudden 
fracture at less than working 
load, and has dono much to 
discredit the use of the cast iron 
girder. Although for other 
reasons, cast iron' may not be 
an altogether Buitabfe material for this purpose, it is worthy 
of note that in many recent designs the difficulty has been 
overcome by making top flange, web, and bottom flange of the 
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Batne thickness throughout, Fig. 128 (b), in accordance with the 
rule previously quoted. It should he realised that the production 
of a sound and reliable casting, free from ihitial stresses, is of 
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vastly more importance than the Baving of a few hundred* 
of & comparatively cheap matorml. It will* liowever, 
)ccaBiotmlly happen that perfectly valid reasons may be 
tiven wliy the rule should be departed from. Tims, the flange 
>f a ^Uiider or pipe should obviously be thicker than the 
[x>dy, but the transition should )ye elTocted as graikially as 
[) 08 sible. For this reason, a belt interinediato in thickness 
between that of the datige and the body may with ailvantngo 
ijc arranged iiuuiediately behind the flange, as in Fig. 130. 
Heavy flanges are sometimes attached to the body by quarter 
.dliptical curves, as in Fig. 131, witli the same object. Thick 




Fig. t:^3.—Codling nnd Omlractioa of fiectragulai TUnnk. 

tmgea on engine beds and similar parts are often adopted for 
le Bake of appearance, or to obtain stiffness, and it is better 
bat they should be hollowed out to preserve a fairly uniform 
hicknesB of metal as at (b) rather than cast solid, ak at (a), 
■ig. 182. 

Another influence which may seriously affect the strength of a 
lasting LB the direction of crystallisation. Tho molecular aggre¬ 
gation of crystalline so^lids follows a definite law, and when a 
used solid is in the act of cooling and crystallising on soUdifica- 
ion, the crystals arrange themselves with their principal axes in 
lie direction of the flow of heat, or of the heat wave i)aafling from 
lie body. This is determined by the direction in which heat is 

b2 
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radiated duriog oooliug, which cauees the cr^btule to set them- 
Relvea along lines at right angles to the external surface ol 
the canting. The section of a rectjiiigular block of cast iron, 
whether solid or hollow, will thus appear as shown in Fig. 183, 
and it will he seen that the lines of crystallisation interseci 
at the corners, forming diagonal planes of separation along 
which fracture is liable to take place. Formerly, the bottom 
of A hydraulic press cylinder was made flat, with wjrnerfi of 



Fig. 134.—Hydmulic: Tress Cyllmlcr FlO. UW. Uy<lniu]io Tie.-to* ('^rfimler 
with Flftt Rn(i. with Hcniisplietiiuil KtirJ. 

flmall r^ius, and it was found that fracture was particularly 
liable to occur in a conical direction, as indicated in Fig. 1H4. 
The trouble was entirely obviated by adopting a hemisplierical 
form for the eud, by which continuity of tlie lines of 
crystallisation is obtained, without any plane of weakness 
due to abrupt changca in the radiating surface, I^ig. 135. 
Sharp flfiuare corners, or "re-entrant angles/’ whether ex¬ 
tern^ or internal, are always liable to start a fracture In what¬ 
ever position they occur. Fig. 18(5, and it is au important rule 
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tbftt th»y must always be avoided in ddHigning any casting, as 
seen in the following examples, Fig. 187. 

Ah the melting jioinfc of Hteel is probably about 2900° F*, as 
ctnnpared wilh 2200 ° for cast iron, it 
lolloAVS that the contraction of steel is 
much grealei than that of cant iron, 
being on lui average about ] iiieh in* 

Htead of I inch i>er foot* Special pre¬ 
cautions must therefore be taken to 
avoid tlie danger of steel casLings ** dy¬ 
ing’* during this o.xeesHive contraction. 

To prevent the pOBsibllity of accident 
from tbiH cause, they are taken out of 
(ho mould as hoou as the metal Ik set, put into an annealing fur¬ 
nace maintained at a toinpernture of 1700 F. for about 24 hours, 

and allowed to cool down 
without admisaion of air, 
the tinio depending upon 
the sii^e of the casting. 

A priKuiatic block or in¬ 
got of steel always con¬ 
tains a hollow pear-shaped 
cavity near the top due to 
}5f]rinkago and contraction in cooUug. Fig. 138 siiows Kucceesive 
KimoH of Holidiiication, and a section through the ingot when 
cold. A thick crust lirst forms 
n>nnd the outside and over the 
top, the still liquid metal iii 
llie interior gradually sinking 
by its own weight as BolldifU 
ration proceeds. The total con¬ 
traction in volume ie probably 
about 9 per cent., of which 
per cent, is accounted for 
in the direct contraction of the 
exterior, the hollow cavity or 
‘‘pipe’* representing the re¬ 
maining 2^ per cent. To obviate this defect, the easting 
is made with a *'head," which is afterwards cut off to secure 
soundness in the remaining portion. 


.!pcorrtcC;:Carrect,} {ff-uo/t <cti tCot'i'ttcC) 
¥((:. 1X7.—nnU H«iuncl(>il CiM'rwTB. 
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METHODS OF MOULDING. 

The mateml of wlii^h a mould ia made must possess sufTieieDt 
cohesion or bond to resist the Huid pressure of the niollen metal 
without change of shape, and at the same time, it must be piaativ 
and capable of taking a perfectly sharp impression from the 
pattern. It should be refractory in a high degree, and must not 
melt or become mixed with the molten metal which comes in 
contact with it. It must be to gome extent porous, to permit the 
ready escape of gases which are always given off when hot metal 
is poured into a mould, and it is important that it should be h 
bad conductor of heat to prevent too rapid cooling, wliioh in the 
case of iron at least, leads to the production of chilled,” and 
extremely hard castings. The materials Iiest ausworing these 
requirements are quartz, sand, and clay, to which may be added 
other Bubstances for the purpose of imparting desirable properties. 
Sand for moulding must not contain organic matter, chalk, or 
other substance likely to auJTer decoroposition at a high 
temperature. A good sand, in its natural condition, should 
consist of nearly pure silica, a small quantity, say from 2 tu 
6 per cent., of clay being desirable to impart the necessary 
plasticity, and enable the sand when moistened to take and retain 
a sharp impression. For the same reason, the grains must be 
fine and sharp and of uniform size, say ^ Jn of an inch. Sea-aand, 
being rOund and smooth, is quite unsuitable. It is, however, 
well adapted for making intricate cores, as explained later 
(p. 256). The sand as it comes from the pit is dried, and 
ground in an edge runner mdll, powdered coal being added 
daring the operation. This gives the sand the black appearance 
which is always noticed in the foundry, although naturally 
it ia of a yellow or reddish colour. The thorough admix¬ 
ture of finely-powdered coal or other carbonaceous matter 
protects the sand from the action of the hot metal, preventing 
it from.being fujmd and dissolved by the casting. Other* 
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wise a bard siKcaoua akin would be produced on tbe casting, 
which would prove exceedingly troublesotne to remove in 
lUBcUining. The floor of the foundry ie formed on a bed 
of cinders or coke, on which a good thicknees of ground 
sand is epread in layers with the shovel, e*ich layer being 
inoietened with a watering can and thoroughly turned over. The 
ordinary damp sand of the foundry obtained in tins way is 
known aa grem ntJUtd, not, of course, from its colour, but because 
it exists in its naturally moist condition. The same sand 
remains constantly in Use, mixed with new from time to time, 
and the whole damped after each using. 




FiCl. Ids.—Ton))!. Hiitotneta 

HouldiDg comprises three distinct branches:—(1) Greeruiandf 
(2) Ih-p sand, and. (D) Jjoam vtouldiiiff. ^Vith either of the first 
two methods, patterns, usually made in wood, are necessary, but 
ill loam moulding, which is chiefly applicable in the case of large 
objects of circular form, patterns are dispensed with. The tools 
mnployed by the moulder for greensand or dry sand work should 
first be noticed. To take out lumps, dirt, and foreign matter, the 
sand is sieved through a fiddh having a mesh of alKiut \ inch. 
The sand in thrown upon the riddle, and filled into the boxes by 
[iieans of a aiun'ei, and is packed closely round the pattern and 
into the box by ramnt^’s (Fig, IfiO), which are of two kinds, 
pegging ** and fiat.*’ The former shown at a and b have flat 
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endn with rouinled fiicca, for entering narrow spaiM^s, and for com- 
nienciiig operations; the latter, aa at a and d, have Hat faces for 
final ranuniiig and Hmaliiiig. Short ratuniorH for heneh wort are 
rIiowd at tl and r, the latter i)eing coiulimod pegging atul Hat. 
These are usually turned out of hard wood. Kecenlly, pneumatic 
rammevs, operated liy wmi])reetied aiv, have been uswl witli great 
succoHK for large moulds, and for pit work. In Pigs. 140 and 141 
are shown the small steel tools used by moulders. These 
comprise: Tnmyla, of square and heart shapes for ftiling small 
moulds or mending broken places ; (jaff kuirf'g, for cutting gates 
and risers ; tdeanern and beath^ for repairing and cleaning up the 
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FtO. TooIb. 4 Smoot^iedi. 

1. Fir? SiHorHTi'^r. 'J. Pi|)c SLiKKillicr. Suftt Ktid FijM* Siikk>Ui«t. 4. RnrcA Rax. 
5. KmkihI Ktlx*' SiJkOOtlit*}*. 0. Si|<isnk OonxM' 7. Hintlitl KiS|,'a 

(SiMiKM' SiiKHktlji’r. S. Conit'r SiihkiUih'. L'. U>iuij<I Kxt«!rii&l 

Cmiicr sminlljor. 10. BkiouiHl Cunit^i' Sii}uv1.1tKr. 11. SuU<m> Siiiootlm. 


surface of the mould, especmlly in deep places; and gniffoihers and 
xh'f’h i’Ht of various sha]ie8 for smoothing out square or rounded 
corners cither externallyor iuternally. Ve7i( triirH orprirb’iH, by 
which the mould is perforated in various directions to permit the 
ready eeciiijo of any gas, are also required. Levels, plumb bob, 
and Kbralght-odges, camcldiair brushes for coating the interior of 
a mould with blacking, belloAvs, and hand-brushes, complete the 
moulder's equipments • 

Qrrcmatifl Moahlvuf in its simplest form is cai*rled out in the 
sand of the foundry floor, the mould biuiig quite open without 
cover, so-that all parts are visible, from which the name rjyw’ii 
xand imnltiviff is derived. It is applicable to Hat plates, wall 
plates, window frames^ moulding boxes^ core gridsi grates, and 
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oompanitively unimportant work o! that class. As the mould is 
perlectly open, the ui>por aurfuce of the onating is ithrays rough, 
and the oornerB luiioh rounded, duo to capillary lujlion. In 
preparing the mould, the floor Hand is opened out and watered, 
and by meana of straight-edge and plummet brought to a level 
surface, over which fresh sand U riddled. Upon this the paitein 

is laid, and fixed in position by 
gentle tapping. It is then covered 
with fresh sand and rammed up 
to a level surface, the impres¬ 
sion being repaired, if necessary, 
after removal of the pattern. A 
I'Ki. sa .,,1 Monia. small cavity, or j.omiay l<asi„, ia 

formed at one end of the nioidd, to 
which it ie connected by two or more shallow dmunels or 
cut out by the moulder with the tools previously described. 
The mould, Pig. 142, is then dusted out with iiuely-powdcred 
plumbago or wood charcoal contaiued iii a muslin bag, flat 
surfaces being poliuhed over by the ti^nwel, and conun*H smoothed 
.<mt by sleekerB. Should the casting of fairly large size, a 
pricker would he tlirust through the base of the mould in several 
directions, to pi'ovide a passage fur any 'gas which might he 
disengaged on casting. Molten inetnl 
is poured into tiie biisiiT until the 
mould is completely full, when the 
surface ia sprinkled w'ith sand to 
retard cooling of the open surface. 

Bough castings for the frames or 
grids of cores, such as shown in 
Pig. 143, are often, made without 
patterns, .grooves of the required 
section being cut by the moulder in 
the sand. The exivmple given is that 
of a grid for ,the core between the 
arms of a fly-wheef or rope pulloy. As the core is a large and 
heavy one, three bosses are provided, in holes through wliich. the 
hooked ends of lifting rods may be inserted. 

Hoaldlng in Boxes.—In this system of moulding, the sand is 
contained in boxes or flasks, which are generally rectangular frames 
of cast iron without top or bottom, Fi^. 144, and are oaually 



Fio. 143.—Core Gri«l. 
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employed in paira, the top utid the bottom box together forming 
the mould. In order to take out the pattern, the boxes must be 
ueparated from each other, and to ensure that they may be readily- 



Kiu. 144.—Moulflin^' bnxen. 

put together again in exactly the saine position as before, lugs> 
are cast on the sides, those on one box having projecting pins 



which enter holes in the lugs of the other box. Handles in the 
form of dat projections are also provided for lifting, and 
trunnioas are cast upon the ends of very large boxes, so thal 
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tliey may be slung from the eraiie. For large casCings, the foundry 
floor is freifuently made to do duty in place of tlie bottom box, 
whilst for objects of complicated form it may be necesaary to 
employ three or more boxea in combination. To hold the Band, 
and prevent the pOHaibility of its falling out when the box iB 
lifted, bars are cant acr(»HH tnetUum and larger sized boxes, as in 
Fig. I'lfi. Ill America, wwideii boxes are preferred on account of 
lightneae, but they are liable to Ruflur from tbe combined effectB 


of heat and moisture, and are 
repetilioii woL'k, boxes are nuide 



Fru, Fotflinjf Oftle, 


not duralde. For special and 
of a size and shape to suit the 
oljjoct to be cant, thus avoid¬ 
ing the troublo of filling 
useless s[)aco with Hand, ah 
would happen if irregularly- 
shaped artwdes were moulded 
ill rectangular lioxes large 
enough to contain them. 

('ertain general principles 
are involved in. two-part 
moulding, /.r., whenever 
boxes are employed, and the 
mould is closed. Tlie hollow 
cavity, or iuiprefiBioii left by 
the pattorn in the sanil, must 
bo put ill communication 
with the outside for several 
reasons. An opening termed 
the ffutc or runut'r, 


inuHt be provided, through 
which tho molten metal may be introduced, and its outer 
orifice mu^t always lie above the level of the highest part o[ 
the tnould, so that the latter may be completely Idled. If the 
mould is Hhallow, the pouring gate may enter it direct, but in 
order to avoid damage to the mould by impact of the incoming 
stream of metal falfiiig to any appreciable depth, it is better to 
form the gate at the side, leading in the metal through two or more 
separate channels or apmeji near the bottom of the mould. To 
prevent straining and the formation of blow-holes, the air must 
be allowed to escape as the metal enters, and for this purpose, a 
risej-or air gaU, opening from the highest point of the mould, mast 
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le provided. This also aervea to show when the mould is full, 
)OUt'ing being continued until the metal appears at the surface. 
To compensate for internal shrinkage, a ga(*' or hratf, 

B'ig. 146, should be provided, communicating diitictly withtlie boss 
other thick portion where a “ draw ” is likely to occur. After 
joining, a piece of round iron bar about | inch diameter, known 
IS a feeding rod, is inserted in the head, and is moved up and 
lown in the molten metal. The agitation thus set up ia suflicioiit 
,0 maintain a clear way through into the interior, through which 
ircah metal from the head may enter, or may be poured In from 
I hand ladle, to make up for the loss due to liquid shrinkage*. 
The action is continued until the metal is just upon the point of 
tolidihcalion, when no further shrinkage is likely to occur. The 
iVAGt shape, and position of the gates arc usually left to the 
judgment of the moulder, who keeps by him a number of tapered 
ivooden pings of various forms to be used as patterns for this 
purpose, When the mould is full, the liquid metal is under a 
pressure due to the head in the pouring gate, and the result is 
\ tendency to lift the top box, or in other words, the top box 
lieiiig lighter, tends to float upon the liquid metal in the mould, ^ 
J'iie boxes must therefore be cliuupod together, or Uie top box 
may ho loadeil with cast iron blocks, the weight of which exceeds 
the weight of the liquid metal in the mould. The sand in some 
parts of the mould is rammed tightevithan in‘bthers, deiiending 
mainly on the pressure of liquid metal to which it is subjected. 

Example of Moulding in Boxos.^Suppose a simple flatobject, 
I'ig, 147, is to lie moulded, tlie wooden pattern is laid upon a 
turn-over Iward,” and the l)ottom box is placed round it in an 
inverted position, Fig. 148. The pattern is first covered with 
fresh or ^'fachig'’ sand from a riddle, and the box is then hlled 
up with previously-used sand, and well rammed down, first with 
the pointed, and afterwards with the Hat,rammer. The superfluous 
sand is struck oft with a rule, and the box, still resting upon the 
board, is turned over, the board being then taken off. The upper 
surface (which previously rested upon the fljoard) is made per¬ 
fectly smooth and level witlt the trowel, and upon it is sprinkled 
a thin layer of which is the burnt sand or dust 

Hcraped from castings. This prevents the sand in the top l)OX 
adhering to that in the bottom box, so that the two halves of the 
mould may be easily separated for removing the pafbem. The 
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top box is now fitted upon the bottom one, facing sand is thrown 
in, followed by old snnd toiitl the box, gate and riser paUernsare 
inserted, and the box rammed up, Fig. 149- After taking out 
the gate plugs, the top box ifi lifted off, and laid upside down 
upon the bench. The pattern, etill in tlie Iwttmn box, is lightly 
‘‘rapped’* to loosen it in the sand, and is carefully lifted out. 
IF an attempt be made to remove the pattern without rapping, 

the sand wlLl Oilhere h) 
the edges, and the mould 
will be l)roken- Rapping 
is generally performed 
by boring a liole in the 
pattern and driving in 
the end of a round bar, 
or the bar is some time a 
made red hot, and 
allowed to burn its way 
into the pattern. By 
striking the vertical bar 
on all sides, the pattern 
Fio. 148.—HouUing Hoitom Box, ig causcd to rock Very 

slightly and thus free 
itself in the sand. The 
mould is thus made 
somewhat larger than 
the pattern, to an extent 
which, in small objects, 
renders any allowance 
, ^ for contraction unneces- 

Tiq. 149.—Complete Mould ready for . 

Pouring. The process of 

rapping, although indis¬ 
pensable, ifiay be the cause of serious damage to patterns, and to 
avoid this as far as possible, metalrapping plates,'* Fig. IdQ, 
are let jnto large patterns Sushwith the top surface. A useful 
modificj^on is'to provide in one and the same plate a plain 
hole for rapping, and a tapped bole to take the screwed end 
of a lifting ro<l, which is often a great convenience when taking 
0 out the pattern from the mould. The mould is then repaire<] if 
necessary, and the Hat surface smoothed over with the trowel, 
a “facing" of powdered plumbago or charcoal being dusted 
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on during the polishing process. The top box is treated in the 
same manner, placed in position on the bottom box, and loaded, 
ready for pouring. The “parting** of a mould need not neces¬ 
sarily he made on one flat plane at the junction of the two boxes. 
It must, however, in all cases commence at the upper edge of the 
bottom box, and it must intersect the pattern exactly where the 
lattorattains itsinaximum 


■width. Thus the parting 
must meet a sphere 
exactly on the section of 
maxim util diameter 
measured horizontally, 
and it roust intursect a 
cylinder on a honztontiil 
plane passing througii 
the axis. The patterns 



Flc. l^K-"Happhig I'lates, 


for such objects may 
therefore be very conve¬ 
niently constructed in 
halves, so that the 
moulder experiences no 
difhculty in locating the 
parting. In the case of 
a solid sphere, for in¬ 
stance, the half pattern 
is placed on a turnover 
board, and the bottom 
box moulded in t)ie usual 
way, Fig. 152. The box 
is then turned over, the isi.-lXmd 

board removed, and the 

other half of the pattem fixed upon that alreacty in tb« 
sand. To bring the two halves of the pattern togelier in the 



correct position, *'dowe]B** are used, either in the form of 
wooden pins driven into one part and fitting exactly into holes 
bored in the other, or by letting into t(ie flat surface of each half. 


specially made dowel plates of metal, Fig. 151. The mould is 
completed in the same manner as before, Fig. 163. 

Cores for Hollow Interiops. —Hollow objects reijuire to be 
** cored out/* by means of a ** core ’* made in sand to the exad 
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shape of the ht^llow interior. The pattern-ipaker constructs 
a wooden mould or “ ;jf)rc-hax,” in which sand is raniine(i 



Kio. IW. Moulilinjj HnUom iiox. 



FlO. IJ>3. —fViinplrti! Mould for 
Solid Splioru. 



Fro. i,'54.--<’orc Il«>s. 



up to form the core. The 
core-box is nauiilly in two 
or more pieces, suitably 
jointed or ** dowclled to¬ 
gether, to permit the with¬ 
drawal of tho core without 
risk of damage in handling. 
F'ig. 151 shows a core-hox in 
halves, in which the core for a 
hollow cylindei'would be made 
in “dry sand/' or common 
moulding sand mixed with 
sharp siLiid. <^jrc sand should 
1)0 fairly ndhesivc, and yet 
porous enough to secure free 
venting, and it should admit 
of boing easily oxkacteil from 
the castiug. Sea sand or sand 
free h'om aluhiinais most suit- 
able, the necessary bond being 
obtained by the addition of a 
“binder” such as core gum, 
linseed oil, dour, or rosin. The 
binder burns immediately the 
molten metal comes in contact 
with it, leaving the core 
entirely free from gas. Conse¬ 
quently there is no danger of 
blowing, and except when of 
large size, or of complicated 


form, cores made iu this way 
require neither irons nor 
CO vents, and are easily cleaned 
out of the casting. The sand 
Fio.ir.r.,-Mo«1.l for Short ]'i,w. « well damped before being 

rammed iu the box, and tho 
core when made is placed in a stove to dry. While still warm, a 
coat of “blockwash” is put upon the surface to prevent the molten 
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metal from fueiti^ aud diesolvlii" tho core. Blaukwash ie made 
from "moulder’s bhicliing/’ which is a cftrlwnacooiis rcaidue 
ol>tiiino(l from the retorts used in distilling shale, and vvliich is 
mixed with clay water to the cDnsiistoncy of cream. The,core must 
1)0 supported in the proper position in tin* iiiotild, and tliis is 
usually effected by allowing its gikIs to rest in impressions left 
by tho [tatiern for the purpose. Suppose a abort pipe bavltig a 



0 

KiO. 15C.—Vai'iouri Forma of Nails ami 


flange at eacii end, Fig. 165, a, is to be inouided. The pattern, 
Fig. 165, preferably in halves, would be provided with a " core 
print at each end, these prints being of 4]ie same diameter as the 
core, and of a length sufficient to afford the necessary supporting 
surface. The mould would be made by the method described for 
the solid sphere, and when complete, with the core in poaition, 
would appear as in Fig. 155, c. It will be seen that the 
core IB longer than the hole in the casting by the combined 
K.T. a 
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length of Uie core priuts. The core-box is^ shown separately 
in Fig. 15*1. 

Long and awkwardly-shaped cores reqnii'e strengthening, as 
obhorwise they would be liable to bend or break under tbetr 
own weight or tlie upward pressure of the fluid metal. A 
skeleton of bent wire, or of light rods, or a “ core iron *' specially 
cast in ojien siind for the purpose, may be inserted to impart tho 
necessary sthfness. A core iron should be of such 8hat)e and 
thickiiesH as may be readily broken up for removal when the casting 
is fettled. A piece of wire twisted to form a handle for lifting 
out the core, may he left protruding above the surface of a sinking, 
which is tilled up and smoothed over when the core is finally 
placed in poaitiou. Long cylindrical cures for pipes, etc., ore 



Fig. ir>7.—Dofcct diir. to use of ChAiilet. 


formed on ** core bars,” which consist of iron pipe perforated 
with a large number of holes to provide for the escape of the 
gases. A core may be still further supported by means of 
“ nails ” or chaplets,” which are made in a number of different 
styles, shapes, and sizes, Fig. 156. As chaplets remain ” cast 
in/ or embedded in tho metal, it is important that they should 
possess at the time of using a clean metallic surface, perfectly 
free from met, and for this reason they are always tinned or 
galvanised. Chaplt^^s or nails pouched out of sheet metal 
e,fi ift and kj are preferabl# to those made in two or more pieces 
riveted together, as o, b, c, and (L The method of employing 
chaplets is shown atj, A', /, in Fig, 156, and further illustra¬ 
tions of their use will he found in many of the examples of 
moulding which follow. It must, however, be admitted that the 
use of chaplets is not altogether free from objection, as they are 
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to liecoiuo loose, and are offceu the centre of a blown or 
poroiiH place. Fig. 157. When a long cored-out object, such aa 
a pipe or cylinder^ ia eaat horizontally^ any escaping bubbles of 
gas will collect above the core, and aiky aoutn or foreign matter in 
the metal will also rieo to the top of the mould. Blown places 
may thus be formed by gas and dirt adhering to the chaplets. 

These difficnUios may be overcome by casting long cylindrical 
objects, such os pipes, plungers or rams, steam or hydraulic 
cylinders, etc., in a vertical position, which has the farther 
lulvantage that a "dead head’^ may bo left on the casting into 
which Hcum and ashes or " aullage ” may rise, and where gas 




Flo. luS. — *Ulcai!'' on Cyliiidor Cutiug. 

may aeoumnkte without risk of causing blown places in the 
casting proper, Fig. 158. The increased head causes additional 
pressure on the" metal, and enables a sound casting to be 
obtained with certainty. The " head ” is afterwards nut off on 
the line at, in the process of machining. The arrangement of 
head shown in the figure on the right is not to be recommended, 
as the great mass of metal is liable to result ,in a " draw ’* (see 
p. 2B9). It is preferable to adopt the form shown in dotted 
lines, which avoids the risk ol any Bpongineas on the face of 
the flange. Seeing that the aoundeet and cleanest metal will 
always be found where the presaure is greatest, it may be taken 
as a general rule that the most important part of any casting, 
f^Bpecially any portion to be machined, should, whenever possible, 
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bo placed a( the bottom of the mould, TIium, iu tlie case of 
a bitlu) lioch ne ilie upper surface munt be got up very true, and 
very clem*, HOimd metal is required at Ibis part, which ma»t 
therefure be placed at the bottom o! the mould, as will be 
explained later, 

Bedding'in, — In greensand monbUng, the process of ** bedding- 
in ”.iH often refi{»rted to, tliat is, the mould is constructed aa far 
as possible in the foundry floor, b’ig. 169, the top box or " cope ” 



being employed to secure the ndvantage of casting under pres¬ 
sure. Large wheels and pulleys are generally moulded in this 
way, Fig. 100. It wilt sometimes happen that portions of sand 
project to a considerable distance below the surface of the 
top box. These require to be supported by inserting “gnggers" 
of bent iron, which-are swabbed" with clay-wash, and hooked 
over the crossbars of the box as the sand is being rammed 
up. An interesting example oE the use of gaggers, given by 
Mr. G. Hughes, Clnef Mechanical Engineer of the Lancashire 





Ki<}. J»W.- MoiiUI for Wheel or I’uDcy. 


the piston to its rod. Tho vonting of the laoulJ is bIiowo by 
tine linos. 

Reoessed or Undercut Portions of a Casting,—t'nr taking out 
reeesBecI poi lions of a casting, lliroe nieliiods are avallalde, viz.: 



:1) loo»ff parts on the patti rii; (2) dran'hackg^** or portions of 
Lhe Tnouid BupportuU on plates by means of wliich they may be 
witlulrawii to facilitate the removal of the piiiUrn, and afLerwarda 
replaced in posilioa ; and (ll) ettres, the most expensive method of 
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tlie three,and ae a rule.onij resorted to in cases of special difficulty, 
A good illustration of the use of a loose piece is given in Fig. I(>2. 
This shows the method of moulding a cylinder cover with stuffing 



no. K»3.—nf Lrx'iie Picrfl on nnUorn. 
MoiiM for l^yliivicr iSivcr. . 


box, the flange of which is left loose on the pattern, and is lifted 
off in the top box. After taking out the flange, the top box is 
replaced, and is lifted off together with the middle box containing 
the pattern, which is then easily removed. The core 5s put in, 



Fig. 103.—MiniUling Cbniu PuU€;n*i 


and the mould completed in the nsoal way. It will be noticed 
that two partings are employed, necessitating the use of a 
**three>part ^ bos. A somewhat similar expedient is adopted in 
moulding chain pulleys, worm wheels, etc. The pattern is made 
in halves, dowelled together, the diviaion passing through the 
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centre of the groove. It may then be moulded in three boieB» 
Pig. 1(J3» a, without any difficulty. By means of the very 
ingenioufj device known as a " false core,” the mould may, 
however, bo made in two boxea, as in Pig. Tbis la eifocted 



rii;. 1(^1.- Monl<! for Hraiioli Tipe. 


as followHOne Iinlf of Ibcimltern is moulded in tlic bottom box, 
the parting being out at an incline, as shown. The other half 
pattern is then pnt in position, and sand rammed in to form the 
second parting, sloping downwards from the upper flange. The 


I 

i 



I 

Flo. IfiS, -WonldiTig FUwgttl Object U«e ''t “CckJ." 


top box is next put On, nnd rammed up ns usiiaL By taking off 
the btp box, the upper half pattern may be got out quite readily, 
when the kip box is rejilaced, and the mould turned upside down. 
The bottom box, whidi is now uppermost, is then lifted, and the 
remaining half of the pattern withdrawn. After replacing the 
bottom box, the mould ie inverted, and may then be completed 
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in the usual way. It will he noticed that the ring of sand con¬ 
stituting tlie false core cannot bo removed from the mould, but 
must always be supported on the box whiebj for the time being, 
is at the lK)ttoin. A three-part mould is also required for a pipe 
with branches at right angioS) as in Fig. 164. The flange for the 
brand) is Ioo.^e on the pattorii, and is made in halves do welled 
together, and fitted into a groove turned out of the branch. 

Hollow objects wiih flaiigos when not very deep, may be con¬ 
veniently moulded in three boxes, as in Fig. 165, the use of a 
core l)6ing avoided hy taking out the interior by means of a block 
of Hand, termed a ^'co<l,'* attached to the bottom box. In this way 



Fiq. Ififi.—IW of Diftw-biwk” ill M<*ylditi(r (lylimlcr or Tump RaiTel. 

the inside of tho pattern, **to leave its own core/' must be 
■'stripped,” or made to taper in an upward direction, to avoid 
the tendency of the sand inside to dmg” or adhere to and lift 
with the palteri). Tho bottom flange is made loose on the j)atterD, 
and remains behind in the bottom box when the middle Iwx 
containing the meiy iwittern is lifted. 

The Uee of “Draw-banka” and Lifting Plates.-- According 
to this method the recessed jxirtions of the mould are formed 
upon plates by means of which they may be "drawn back” 
clear of the pattern, and then lifted out, leaving the pattern free 
for removal, after which the clraw-bacliB are replaced, and the 
mould completed in the usual way. A familiar example. Fig. 166, 
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in A cylinder or puinp liarrcl with feet atttieho<l, wliioh is moulded 
in a tliree-part boi, the draw-back plates “being bedded upon tlie 
Burfaco of the bottom box. A Bioping “parting” jidut Is made 
froni each plate to the main parting between the middle and top 
boxes, so that the eaud between the eloping joint ami the pattern 



Fm. IG7.—Moulding Wlde^riinmed Pulley. 


IB carried entirely on the plate. Handles sc^wed into the plates 
are provided for liftiAg, during which operation the curved sur¬ 
face of the draw-back should \ye kept in contact with the 
cylindrical portion of ti)e pattern until the rest is clear. The 
steam cylinder for a hori7.ontal engine may be moulded in a 
siiniliur mannei', the addithm of steam dies! with steam aiidexhaust 
branches occasioning nofurfcberdifficulty. This system of working, 
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in which ft portion of the mould ia lifted ftway oti a plate, ia very 
Buitablo for mouMing wide-rimmed pulleys from standard patterns. 
In this case, the pntterxi is made of iron, with the ritn in the 
form of a plain ring, separnto from the ftvms, to whioh a loose 
ho&B may ho flitod, half on each side. In each space between the 
arms and the rim, a cast-iron plate is fitted, the various plates 
being connected together by strong bridge pieces, as in Fig. 167. 
After ramming up the bottom box, the parting in formed at the 
centre of Die pulley, and the lifting plate bedded in, as shown in 
the upper figure. Upon tlie plate, sand is now ratnmed up level 
with top of pattern, the top box is put on, and completed. Jly 
lifting oil the top l)Ox, the rim pattern is first withdrawiL, then 



Fia. ISS.—l^uUic Bed wUb J)rftW'Unrk». 


the lifting plate with the centre of the mould npon it, and lastly 
the patterns of arms and boss. To enable the lifting pinto t(t be 
put back exactly in correct 2 )Osition, it is provided on the under¬ 
side wdth tliree large pointed guide pins, w'hich act in the same 
way as dowels. The core for the boas is insei’tefl in place, and 
the top b(pc then follows. 

Lnike beds are moulded in several different ways, but unless 
special boxes are employed, lifting plates are almost ii^dispensuble. 
The bed is mouUletJ iu an inverted position, Fig. 168, to ensure 
sound metal for tlie face and vees, which latter ore loose on the 
pattern, tlie sides being rebated to receive them. When the main 
lx>dy of the pattern is withdrawn, these pieces remain behind in 
the mould, and may be got out by lifting tbe outer sand away 
oil plates, as shown. Where the design will admit of it, the sand 
forming the inside of the bed may be lifted out on a plate, Fig. 169, 
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vihioih ahould be of wedge-shaped section, about 1 foot longer than 
the bed. and with two guide pina cast on ita underside. The pattern 
ia “ bedded in ** the foundry floor with the lifting plate in jKisi- 
tiun, and is rammed up from inside and outside Bimultaiieoiisly. 
To bind the Band together, pieces of iron dipped in clay wash 
are inserted every few inches apart in the centre portion as tlie 
ramming up proceeds. The top box is rammed up as usual, a 
runner being left at each end on account of the great length of 
the caeLing. When complete, the top box is taken off, the body 
of the pattern drawn out, and the centre portion lifted out on its 
plate, two eyebolts being cast in the plate for the purpose. The 
loose pieces on the pattern are “ wired on/' and the wires are 
taken out as the ramming up proceeds. When the centre has 



KiO. 160. —I.Atbo UtM) with Inftldc T.iPting rintc. 


been liftetl out, theBe loose pieces are withdrawn hori?:ontalIy 
into the middle Bpace then left free. 

Probably the best method of moulding a lathe bed is to use a 
solid pattern and form the whole of the interior with dry sand 
cores. This has the advantages of being quicker and safer, and 
ensures a longer life of the pattern. 

Where lathe beds are made in large numhera, special moulding 
boxes in four parts are sometimes employed. Tlie mould thus 
consists of a bottom*, two sides, and a top, which affords the 
moulder access to all parte for finishing, etc. 

“ Pot Motild.’'-^Tbis arrangement is in reality an adaptation of 
a very old device known as the pot mould/' employed in casting 
vases, ums, pots, and similar vessels, both in bronze and iron. 
Fig. 170. The pattern is made in halves, and is “self-coreing/' The 
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mould 18 in lour hofetoiii, middlo (in halvcK), and top. Tho 
middle box is divided vurtically^ with tliu lialvcH jointed accnralely 
by ineuiiB of pins and liigM, and bolted or surewod (Lniily together 
ill addition. The haif puttorn, ivith the npen month np^vards, 
is ramme<I up inside tho half middle box (I), against a vortical 
joint board temporarily secured to the hox, tfm whole resting on a 
turnover boanl (a), Tlie joint board is reniov(!d, and tlie siirfaco 
left by it outside the hall pattern covored with parting eaiid« 



Fio. 171). - The “Pot" SiunUL 


The other half of the pattern is then added, the two halves being 
accurately iitted together by dowels, and after securing tbe 
second half of tho<midflle box in position, the portion (2) of the 
mould is rammed up (h). Parting sand is sprinldcd upon the 
upper surface, the bottom box is put on, and together with the 
inside of the pattern forming lln^ core, is rammed up to give the 
portion (8) of the mould (c), Jiy placing the Ijottoni Ijoard on 
l)OX (3), tho whole may he Inniod over, bringing tho object moulded 
into an inverted position. The turn-over hoard is removed, the 
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joint K|H*inkletl with pa.i'tiiif' hiumI, t\nd tlio tai» box jmfe ou ami 
raiamed up» loaviii^ iUa iioco&mkry gataa and vistirH The 
pattern munt now Ijh witlulrawn, and to effect thiK, after UftiDg 
o(f the top box, the lioits conuecling the tw<i piirla of tlie middle 
box are reniov^ed, and by careful rapping, the two half boxei? are 
drawn iq^i^rt borlzontully, expotiinf' ibe patlorn which, being iu 
halves, in easily removed from the central core. If a htviKlle ie 
h) t>o cast on the vcHsel, the patturn for it Is wired on the main 



rio. J71. Moultlir]^ (it'OOvcd I'uilc}', with Kinj^ rlutcs. 

•h 



body, and therofnre romibitiH in the aiiiul of one of Its middle 
balvoK. The pattern fur thu bundle i» rmulo in two piecee, each 
of whi<;h ia curved to tliu arc of a circle to enable it to be drawn 
out of the sand an shown by arrows at (4). 4^11 parts are finally 

Hmootlicd an<l iinished, and the mould closed, the two halveB of 
tlie middle box bning aecurely bolted together. 

Use of Gores for taking out Undercut PorUons of a Mould.— 
Ab an alternativo to the use of a false core, it would probably 
be preferable to take out the sand forining the groove of a rope 
pulley on » ring plate, Fig, 171, eapacially in tlie larger eizee. 
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Taking the same example, the tratisitiou from the lifting pluta 
method to true coreing will he at once obeerved. In the latter 
caee, the rim ia provided witli a core print in the form of a 
projecting ring, Kig. 17‘2, and the core, made in a core-box of 
corroHpondiiig Hhape, ie laid in the receas left by the circular 
print. Chain ^vheels Jiaving link reeesaes in their grooves, are 
invariably dealt with in this maimei*. The use of cores is, there¬ 
fore, not limited to taking out a hollow interior, but is frequently 
resorted to for awkwardly phiced surfaces ot\ the outside of an 
object. From what has been said, it will be noticed that cores 
may be of green sand, dry sand, or loam. A ffrem mnd core is 



FiO. 173,-3fclhod of Mouklinj; Gm or Water Pipe in TiOam, 


one left by the pattern itself, without a core-box, and is formed 
from the same sand as the rest of the mould, to which, in fact, 
it is united by rods or grids, and which therefore is not subjected 
to any drying pioce&B. A dry Mud core on the other hand, is 
invariably made in a core-box, and is afterwards dried in an oven 
or stove, fjoam cores^ to be next described, are usually ** struck 
op ” on revolving bars by means of a •** strickle '* or “ loam 
board/’ but are sometimes also made in open core-boxes. Ijoam 
patteme may be constructed in a similar manner, and are 
moulded in sand exactly in the oame way as those of wood. 

Pipe Moulding—^The method of moulding an ordinary gae or 
w:ateTpipe, Fig. 178,a, ia a good illustration of the process. A 
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wood pattern might, of course, be used in the ordinary way, 
hut it will now 1)e shown how this may be dispensed with. The 
core is first formed on a core hart which is hollow, made from 
iron, pipe perforated with holes or air vents tbrougliont its length 
to permit of the escape of any gusee. The ends of the jiipe are 
temporarily fitted with spindles, one of which is also provided 
with a winch handle for rotating the bar during the opovabion of 
building up the core. The spindle endn run in lje<ii'iogs formed 
on frames or ** core trestles/' thus coustitutiug a rougli kind of 



lrtthe> Fig. 174. A covering of hayband is first tightly wrapped 
round the bar throughout its length, and over (his arcoating of 
lonm is applied, as the bar is revolved. This is allowed to diy, 
and if the core is of large diameter, a second layer of rope simi¬ 
larly covered with loam may be put on. In this way, the c(jre is 
rendered porous or *' self-venting,*' allowing easy escape of any 
gases through the holes in the core bar. When dry, more loam is 
laid on, and is stuck up to the requited shape by menus of the inaith^ 
loatn board, Fig. 173, i, fastened down upon the end frames parallel 
to and at the Correct distance from the centre of the Inir. The Coro 
IB dried in the stove, and alter receiving a coating of blackwash, is 



m 


MECHANICAL TECHNOLOGY 


again rotated in ib8 hearings in order tln&t the thifknesB piece may 
be added, iinother layer of loam, brought up to the diameter 
and shajm of tho outHide of the pi])e by means of the external 
loam hoard, Fig. 17<b c. After drying, the loam pattern is 
complete, and may ho moulded in sand in tho uHual way. Tho 
thickuBHK piece is tlieii pcolod oil, the bhickwash acting as a 
parting, leaving tho inside core ready to be phiced In the mouhl. 
Fig. 175 shows a aocLion of the complete mould ready for 
casting. As alieady pointed out, long pipee ubould be cast in 
a verticjil positlan. For tills reason, a nmiiber of special appli¬ 
ances are made use of in a pipe /omulrt/ devoted exclusively to 
this class of work, Special Ixixes, Fig. 176, are employed for 



each she of pipe, of such a diameter that a thickness of only 
1 inch to IJ inches of sand is required for the mould. The 
pattern is of iron, in two parts, one to give the plain portion of 
the pipe, aUd the other the faucet end. The l>ox is closed at the 
lower end by a hinged door, a recess in which enables the pattern 
to be placed in proper* position without any trouble. Sand is 
then rammed in the narrow sp^u^e left, to allow of which the 
upper part of tho pattern is left loose, Fig." 176, a. When com¬ 
plete, the pattern is drawn out, first the faucet and then the shaft 
portion, and after receiving a coating of blackwash applied 
with a long-handled brush, the mould, Fig. 176, b, is dried 
by means of a portable stove. The core, made as previously 
described, is put in from above, centering itself by the conical 
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portion at tlie top, and by entoring the receas iit the door at the 
lower end, Fi^. 173, (\ It ia deeirahle that pipoa of lar/^e diann^ter 
should be cast with the fiiueot end downwardu, as in Fig. 177. 
In a comparatively short time after casting the core bars are 
drawn wiiile the pipe ie still cherry red, and ate Htrippod clean 



from sand, etc., in doing so. The pipes areVemoved from the 
moulds while still red hot, when the boxes are knocked apart, 
cJeantid out, and made ready for use again. To carry on work 
of this kind continuously, a casting pit is dug out to a sufficient 
depth below the foundry floor, in which the moulds may be 
stood on end. This is scarcely possible in the case of a long 
u.x. X 
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cMt-iron column for a IntiUinfff which is usually cast ‘‘upon its 
side,” or in a horiKonttil position- The complete mould for an 
example of this kind is shown in Fig, 178. Very great care must 

l>e taken to prevent shifting 
of the core, which would 
of courfie produce unerjuiil 
thickness of metal (see 
Fig. 157). The core must 
thnreforo he well supported 
by chaplets, both vertically 
and liuri^ontally. ColuinnB 
are poured from holh ends, 
the runners entering the 
tianges. If very long and 
light, it is hetiui' to pour 
at tire centre in addition, 
and in any case risers arc 
arranged over tlie highest 
parts of the mould. There 
is always Home danger of 
blowhf)li!a and Kponginess 
on the upper side, and it is 
therefore most important 
that thu mould should bo 
well vented to permit the 
escape of gas. 

A further example of the 
UBC of a loam core occurs 
in vwvlflituj a alemn cfitfim 
c^jUtitU-r iiuiinf saufl. Small, 
and even moderate sized 
cylinders not exceeding 
80 inches diameter, are 
D^iouldeil from patterns in 
\ " ' two .boxes, Fig. 179, the 

parting paBsing through the centre of the cylinder and the steam 
chest. The main core is formed upon a l)ar wrapped with hay- 
band and covered W'ith loam as alreody described. The remaining 
cores are made in special core-hoxes, those for the steam ports. 
Fig. 181, being particularly interesting exomplee of fiuoh work. 



KnJ. 177.— Complrtc MouM fnT Pipt* with 
Hpjgotsud I'aucei' KikI^. 
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For holding the cores together, rods, frames of wire, or grids of thin 
cast iron, lire inserted, (ireat attention must l»o paid to proiMjr 
venting of the cores, wiiich should l>e nnule to communicate 
frtiely witli the outside air at all pointfl of support on the mould, 
no opportunity being given for tlie gas to imss through the 
surface of tim core into the metal. Hence it is deRirable that 
the interior of the core should bo of a porous nature, surrounded 
by a somewhat closer skin. This explains why cinders are often 
used for the centre, with a surface of fine sand coatped with 



Ph;. l7^.~.(Joihjkk’lc Mo«ld f«pr Cn»t Tmn Column. 


blacking. With Jarge cores, pipee are often arranged to lead 
from the coke ho<ly into the open air, whore the issuing gases are 
ignited. In small cores, passages are left by ramiiiijig up the core 
round a small rod, or piece of wire, whicli i.s afterwards withdrawn. 
For small cores wliich are of curved or intricate shape, flexible 
“ wax wire,” which is ,i>rodiiced in various aiJses from f^th inch 
in diameter, affords a convenient means of obtaining thorough 
venting. When the core is dried, the wax melts, and is absorbed 
by the eaiul, leaving tlie required passage, through which the 
cotton wiek may l)e withdrawn. After passing through the 
coxes, the gas comes out at the prints, from which it must be 

T 2 






276 it MECHANICAL TECHNOLOGY. 

conducted away by suitable vents through the mould. These 
remai'ks apply with especial force to a complicated casting such 



as a steam engine cylinder, in which, as a rule, the mould does 
nob occasion much trouble, the cores giving the most cause for 


Fio. 179.—Steam En^ririe Cylinder Moulded FiO. 180.—5IouId with Pouring etc., em^dded in 

in Dr^ ^nd. Foundry Kloor. 





















METHODS OF MUUDDUNO. 




anxiety. Tukiiipf the example given (Fig. 171)), after moulding in 
the ordinary way, firut the main core, B, and then the steam chest 
core, C, aro placed in jHiuitiou, after winch the steam and exhaust 
port cores, S, S, and E, are socurod in their respective prints in 
B and C respectively. Lastly, the core, P, for the eteaiu inlet, 
and those for the valve rod etuding boxes, Y, Y, aro fixed in their 
jdacea, the mould dosed, and the two boxes firmly dampod 
together. A poindiig basin is arranged on the upper end of the 
mould, which is embwlded in the sand of the foundry floor, as 
sliown Ill Fig. 160. Deep moulds when complete are frequently 



Tm. lai.- C!ov«-Box for Sicai« Port Cow. 


rammed up in sand in this way, to guard against the possibility 
of bursting due to the head of metal inside (see Fig. 1^8). 

An interesting exam])Le of cored work is found in the main 
casiiity for a vortical tHrrct acftitfi xU^am immp, constructed in 
the workshop of the engineering department of the Bradford 
Technical OuUege. The photograph, Fig. 1^, shows on the left 
the section set out full size on a board, the cores being indicated 
by section lining. The pattern itself is seen in the centre of 
the view, and the finished casting on the right. The steam 
cylinder, the main standard, which also serves as an air vessel 
and contains the valve chambers the pump barrel, and the 







278 


JfECHANICAL TECTf^^OLOGY. 


base iMrryin^ ilm oranksliati i)eiirin^a, avo all '^cast m mie 
In thu vjnw i»f the |>atUa'n^ Ihn various mre prints 
aru cloarly seen, and ^u*oii]»ed nnmd tlio biisBj several of the 
core-boxes will iw noLicocl. The rociungiiUr print for the 



Hteam cbesfc core U readily disceruinlo, as well as the core-box, 
which oousists of a hollow rectangular frame, with a bottom 
piece carrying the priiite for the Hteaiu and exhaust port cores. 
Projecting IjoIow the pattern may also be observed the Jarga rect 
angular print of the core for taking out^he hollow interior of tho 
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TIhh tsorv ik made in Ihe lx>x Heen on the left-, one half of 
the cover nf w1ii('h fnm been removed to exhlliiti the constnictiooi 
One Inilf of tlie coro-bux for the pump barrel niid auction valve 



chamlKir, with the connecting patisoge between them, is exposed 
on th« extreme right of the view. The bogie with the cores just 
drawn from the stove le shown in Fig. 189, but it should be stated 
tliat in a few oases ths core-boxes and loam boards have been placed 
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alongside for idontifiaUion, Tig. ISl is a pliotograph of tht^ tuould^ 
with the top box lifted showing the pattera "bedded in” tl;o 



foundry fioor. lu Fig. 186 the pattern ha» been withdrawn, and 
the cores placed in position, and Fig. 180 shows the mould closet! 
and weighted, with pouring baein, risers, etc., ready for casting. 
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The mould for the hack ttfandard of an inverted vertical en^ue 
IB Blio\vn lu the photograpli, Fig. 187. Tlie, ijatlern and core-boat 



are seen reared up on the left. The latter is open-topped, to 
allow oi the surface of the ©ore being atrickled off love! with 
the uppei^ edges of the boa^ The mould is seen with the core in 


Flo. Ifl5.--Main Casting fur :<i«nni Pump. Mouhl with Core* ia Position. 
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|>ohition> nii(] iho forni of the purtin^. Vrliidi follo^fbj the mke of (be 
forked porljf>ti, tsliotifd bo noticod. The core is stung from tbo 



crane by three eyebolts sunk below the Borface in small cavities 
which are finally filled up level. The casting is poured simul 
taneously at two gates, which may be awn coining through the 
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t(»ji liox jiisit tiiHide the fodi, For each gate ti woll in provided in 
lilt'-lower part of Uio mould, comuiiiiiicating by tiireo “sprues*’ 


V 



with the adjoiiiiag leg. This method is usually adopted if the 
metal is relatively very thin. 

Methods of Redu&ing Coat of P&tteFii-'maklnj. — Use of 
fikeloton Patter ds. —Many objeetB of simple form may be moulded 
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10H, - ScoHgiw an*l of Cover* • 




from a skeleton pattern resembling a mere outline framework* to 
which are fixed guiding surfaces for the strickle " or chamfered**, 
edged board used for taking out the intervening spaces* Inter- 
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sectmg suTfacee, Buch for instance as those occurring in the domed 
cover, Fig. 186, may be very conveniently motilded in this way. 
The pattern consistB of a simple frame jointed at the corners, 
and corresponding in size to the outer dange of the cover, 
Fig. 189. Upon this are fixed four guiding pieces for fclie 
fitrickle, two at the sides of the same shape as the outside of the 
longitudinal section, and two at the ends cut to the outside of 
the cross section. The pattern is embedded in sand, which 
is rammed up inside the frame to the form of the cover as 
nearly as can be judged, the exact shape being Anally given by 
passing the strickle first over one pair of guides and then over 
the other. The guides, which are made easily removable for the 
pnqKise, are then taken off, and a pattern remains, partly of 
wood and partly of sand, upon which the tup box may be rammed 
up, t}ie method being known as ** reverse monldimfJ* After lifting 
off the tup box> the guides are replaced, and the thickness of metal 
in the casting is scraped off the b>ttoin part of the mould by means 
of a strickle let down and shouldered at the ends tt> the required 
amount. This method may be still more readily applied in 
the caso of objects of circular form, which may be ** swept up'^ 
eitlier in greensand or loam, as may be most suitalje. The 
striking board or strickle is attached to a revolving arm fixed 
upon an upright spindle, or ** striking bar," which rotates in 
a footstep bearing or socket embedded ,ui Che dand. Fig. 190. 
In work of large size, the upper end of the bar may be supported 
by means of a bracket or “horse/' projecting from the wall 
(see Fig. 201). The following simple example of sweeping up 
a dished cover in greensand will serve to explain the process. 
A pit is dug in the foundry door and a coke bed extending 
over the full extent of the mould is laid down, the socket or 
spindle holder being embedded in it. At dret, coarse, and upon 
that fine, sand is rammed down upon the coke bed, ^hich ia 
vented by means of haybands or pipes leading diagonally to the 
bed joint, Fig. 191 a. Upon this, a bed of sand is rammed hard, 
about level with the foundry floor. The spindb is then inserted 
in its socket, and the strickle attached to the rotating arm. Fine 
sand is then rammed down hard, until by revolving the strickle, 
an exact and very dense “ reverse mould is struck up, Fig. 191, a. 
This is covered with parting sand, and upon it the top box.or coi>e, 
is gaggered/’ rammed, and vented, exactly os upon a wooden 
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FlO. 190,—Striking Bar and Foolatcp for etc., Moulding. 


pattern, Fig. 101, ft. The iiropor poailion oi the Ik>x is determined 
by iron stakes driven into the foundry floor* so that il may he lifted 
off, and turned over for mending and finishing in the usual way. 
To produce the lower half of the mould, the hard-rammed bed 
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-which IB really a sand pattern^ h dug out aiid remade exactly as 
when bedding In. The ** bottom strickle/’ which penetrates to a 
depth below the surface equal to the thickness of metal in the 



cover, ia then attached and la swept round and at the same time 
the sand added to the upper surface is pressed by hand, and 
lightly rammed, until the correct form is obtained, Fig. 191, c. 
The spindle is then removed, the hole stopped, and the mould 
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well vented, and finished off as already described, Fig, 191, d. The 
rim of a flif-n-hcd or pulley is generally struck up in green¬ 
sand or loam, the arms 
and boss I)eing formed 
in sector cores built into 
the mould. The ooro-box 
is shown in Fig. 192, and 
it will be seen that the 
angle between the railial 
sides = 3C0 -r- iinniber of 
arms in the wheel. The 
top and aides of the box 
are loose, and the pattern 
for the arm is dowelled at 
each end. AVliwi the core 
has been rammed u]), the 
sides arc uiiacrewed and 
the core taken away, 
leaving the ana to be 
knocked out from the 
small end. The required 
number of cores are made, 
dried, blaekw’iished, and 
Flo. lOa.-ron’.Uox for Amir of Pulley. built lOto the Dlould, as 

\ 



I 


shown in Fh’g. 104. The size of these arm cores may be reduced 
in the case of heavy wdicela or jmlleys by making tho box 
rectangular, as in Fig. 198. The core in tins case is made in 
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halves, jointed together horizontally, Fig, 198, a. A grid pro¬ 
vided with projections which fit into notches cut in the upper 
edges of the core-])ox in embedded in each half to give the 
nocesBary strength to the core. When these rectangular cores 
have l)een placed in the mould, the triangular spaces remaining 
are tilled in hy I'anniiing up sand between the cores against a 
*‘sweep/^ as shown on the left in plan, Fig. 19'l. This method 
in Qspocially suitnlile for moulding wide pulleys with a double 



Kot of anuB. IleVe tbo outside of the rim is formed in Begmouts 
in the box, Fig. 19i>, or is swoi>t up in loam cari'ied u])im an iron 
ring lilted with lifting bolts. The lop of the mould is also struck 
up in loam carried upon a oircular cast iron jilate. 

Loam Moulding.—Loam is a mixture of sanebind clay ground up 
to tho proper consistefucy in a sand mill. Various substances 
known as " openers/* such as horse-dung, cowhair, and sawdust, 
are added to increase the porosity, and give the necessary bond. 
It is used in a moist condition like mortar, the mould being sub¬ 
sequently dried or baked. Loam moulding is carried out in two 
distinct ways. According to the Jirst methotf^ in preparing tho 
m.t. tj 
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mould for nny hollow object, three partt are furmed wi 
via.: (1) The cm'c oorreBpondiug in ehape to the Ineide of the 
canting; (2) the/uofn produced by adding the 

pitrc to the cure, and which therefore poBHeeeee the same form 
jia the exterior of the canting; and (3) the cojte, which is oou- 
struL-ted upon the thickness-picce, and which contains pouring 
gate» risor, etc. The method of moulding a larfje hemupheriral 
2 mn may be taken as a good example of this process, Fig. 196. 
A circular base of brickwork is first built up, with a cylindrical 
cavity in the centre, from which a number of paBsagee run 




ViG, 1 for Rtm of Itojws Pulley. 

radially to admit the air when drying the core. Tlie base is 
covered with loam, which is swept up to a level surface or bod, A, 
by meana of a straight-edged loam board, and is then dried. 
The body/)f the core, B, is next built up of brickwork, tbe brickH 
breaking joint in successive conrses, witli a thick layer of coarsu 
loam at each joint. The spaces between tbe bricks ensure the 
oeceesary venting, which maybe still further provided for by 
[illing in cinders. A coating of loam is now laid upon the brick¬ 
work, and swept to the shape of the interior of. the casting by 
ihe core hoard G, the lower end of winch is guided upon the bed 
joint of loam. The core is dried by lighting a fire inside, and 
;vhen dry, is blackwaahed, and then thickneesed, a layer of loam 
leiug swept to the external shape of the casting by using the 
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thicknees board, D 
(Bhown doUod). The 
“ thickneBa ” is sirai- 
Itti'ly driod and 
blackened, and the 
Kope then built 
directly upon U» a 
HtroIlf? cast iron plate 
or cope ring nerving 
iVK ft Hupport, by 
meauB of which it 
nifty be lifted. 
Osiially three or four 
lugs are caat on the 
plulo, which is thus 
suspended by sliiigB 
from the erous piece 
of the crane (see Fig. 
iOl). The cope, E, 
Fig. 197, consiets of 
A loam face liftcked 
by brickwork, and 
fitrongtboned wlien 
mjccBsary by intro¬ 
ducing iron rods, 
rings, or plates. 
AVlien dry, the cope 
is lifted to allow the 
tliickaeBB to be 
parted and renityved, 
and both cope and iMit- 
tern are tVioroughly 
(Iriedf amoothed 
down, and hlack- 
wafilied before put¬ 
ting together again. 
This is facilitated 
by the conical form 
of the joint at J, 
which enables the 










Ci.im|»li‘te TkTo»l<l for T^argc 

copo to Le lowered into a perfectly central position. A hell oj 
lartjf' $ize is mouldeil in a very similar manner, as will be apparent 
from Fig. 198. As a rule, the mould ia formed in a pit, and when 
completei is well rammed with sand roupd all sides. 





METHODS OF MOULDING/ 


293 


Accurdinj; to the snMid oj loam mmtldhig, the and thr 

I'ope art’ bttilf no thicknesaing being neccssivvy, Btdh 

of ordinary hIzo are moulded in thie way. The method ot working 
in clearly explained by reference to the photogruphs. Figs. 191) and 
200, which were specially biken for the author by MoHsrs, Charles 
Carr, Ltd., the well-known belLfounders, of Snielhwiek, near 



Kwr. up Core for UrlJ. 

Binningham. Fig. 199 shows the operation of striking up the 
core to the shape of the interior of the l»ell, ^nd the cope con¬ 
taining the external form is seen in Fig. 200. 

As a rule, the object to be moulded must be of such a shai>e 
as will permit of the core being lowered into position inside the 
cope, a “ top plate ” Iwing required to close the mould. The 
example given is that of a sliorfc Jiav/fM rtflMei' of large diameter, 
Fig. ^1, for which the ring body is built up of brickwork, either 



* 294 MECHANICAL TECHNOLOGFT. 

on a brickwork bed aa before, or on a eaut-iron foam plate aa 
at (a), the interior coating of loam being swept up by the board 
^hown on the left. The core ie also carried on a plate provideil 
with lifting rods, and is sw'ept up by the boa)^I shown at (/f). 
"J'he lower portion of l)oth parts is of a conical form 0, known as 
tlm “check/* which ensures exact centering of the core when 



Fto. 200.—Cope foT ne!T, 

lowered into position. The loam plates have "prods’* cast on 
both sides, to bold a layer of loam which is swept up and dried, 
HO that the face is exactly square with the axis of the cylinder. 
The core is thus made to stand truly perpendicular in the nionld. 

A lof'flr sUam rff/inif/r is generally moulded in loam, the lH>dy 
being swept up as just described. As a convenience in moulding, 
the ateam chest is cast separately, and afterwards bolted on la 
place. The port face, with steam and exhaust ports, may then be 


m: 




m 



Fig. SOl.^Mtmldtng Short Flanged Cyllader in Loam, 
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moulded with the aid o! pattorns and core-hoxes, in tlio uaual 
way* The mould is* built up on a Iciiim plate a, Kif*. 202 , the 
socket fov the ainkiiig bar being eml)edded in the floor, and th(^ 
bar Kupported at its upper ciul by a euitable bracket. A thin 
layer of loam is epread upon the plate, and on this, brickwork to 
form tlie base ia built up to the level of the bottom flange of 
the cyliudor. The conical portion or check at (i, is bdt as pre¬ 
viously desci'ibed, tho finished shape lieiiig given by the lofitn 
board b. The latter is next removed, uud the base, after 



Kiu. H T.ATge Ream Kiij^inc ('vIiikIct. 


drying by means of an open coke fire, is eoat&l with black- 
wash. All iron ring, coated with loam, is then plixecd upon tlie 
Iflvolled sip face 9 ! the Iwse, and upon it the mould in built of 
common bricks coated with loam, swept to shape by a loam lioard. 
The pattern for the port face, ff, is flxetl iu its proper position, 
and is embedded in about 1 j inches thickness of loam, which 
may be increased*at corners and projections, venting being 
effected by inserting wax wire in suitable ponitioiiH. The flanges 
to w hich tjie steam chest ia bolted must be left loose on the pattern, 
and are withdiwn subsexjuently. After removing pattern, the 
loam lioard is used to strike up the interior, two thicknesses 
of loam being put on. The flrst layer is of coarse loam above 
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1 intvli Hack, Juki on by hiiiitl, md tlien dried. The iinal oout is 
mud) Hiimitjr and finer, and is worked to it ainootli surtace by 
tho hhHrjf edge of Iho iHiard. When completed, the external mould 
is lifted oft' the base Ity the crane, and removes! to the shive for 
drying. Tim striking bar is again erected in jiluee, and by means 
of the cure Iioard, tho brickod-up core is completed, eominenclng 
lit llio chock OD an iron ring, r, coated with loam. The steani and 
exhaust port cores arc eonstnictiKl on grids, which are held hi 
place by screws, c, ^MiSMiiig tliivmgli the plate or dour on the 




l''m. 2113.—ilonlilisg in TflOra wilh fiWi(U' an<l SJnekh', 


oulsidn of Hie mould. The onds of the, S-shaptnl steam port 
cores lire dniwii luick I’nim the main corn until the various 
parts of the mould have been a«ljnsted in position. * 'I’licy are 
then ]n*eHsed into place, and securely held by chaplet naila 
When clnsed, tlie entire mould is placed in tlie casting pit, and 
fluiid rammed round Ut to resist the pressni'o due to the lujuid 
metal. The pouring basin is arranged in tho Hand above, the 
gato being made to enter the mould well down, to introduce the 
metal without shock. H’he interior of the core is liest filled with 
cinders, to reduce risk of exploflion due to accumnlatiou of gas, 
Houldlng in Loam b; means of Guide Iron.— 'Cores of circular 
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section and of curved or irregular form, are frequently made in 
halves by means of a stricble which is carried round a guide of the 
rotjuired shape fixed on a lioard, Fig. 308. The two halves are 
afterwards jointed and cemented together. By carrying the same 





principle a little further, a heml of any form for rasf iroa pifyp^ 
Fig. 204, a, may be worked in lohm en^rely without patteniSi 
The section of the pipe is set out on ’x board, and a piece of j-incli 
square iron is bent by the smith to a shape parallel to the centre 
tine of the pipe, and at some little distance beyond its maximum 
diameter. This ** guide iron,” as it is termed, is fixed down ui^on 
the board in its true position, as shown in Fig. 204, b. Two 
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lomplafctw ov Hiriclile«, (trie corresiKniding to fcbo extoroal, and tlio 
other to tlio internal, 

(Itanieier of the pipe, tire 
made hy the patbeni- 
iiiakei', the ed^o of the 
Konu-circlo heitig chani* 

Inred ae ^hiiwii in nection. 

A notch or ** check,” ie 
cat ill the corner of the 
Htvickle, by means of 
wliich it is ciiiTied round , 
the guide iron exactly rtt 
tlie comict distance fi'oin 
it, and as neiirly as pos- 
nilile ut right angles to 
the. centi’ti line of the pipe. 

Using tho core strickle 
in this way, a Houiieircu- 
lar nniHs of loam is struck 
lip on a Hiiitiihle core iron, and should spigot and faucet, or other 
special form of ends, be required, they are moulded fieoiu woialen 
pultenis, or more correctly speaking, in coreJjoxes, For flanges, 
Wijoden patborns in halves are employed, as shown in dotted lines 
in the ligure^and are held in place on tke loam by means of nails. 
The guide iron ia then reversed, and a second half core of the 
op^xiaite hand is struck op. AVibhout detaching from the plat<», 
both hivlvea aro dried in tho stove, and after blacking, are ** Ihick- 
nessed ” by using ibe pattern strickle with the same guide iron 
au before, Fig. 204, c. Both are again dried, and are then 
removed from their respective plates, and cementeil together to 
form tho loam pattern. This is moulded in the orcljnary way, 
after which the thickness piece is stripped off, leaving the core 
ready for tho mould. It will ho readily understood that tiio 
method is not limited to ohjeeis of circular section, hut may ho 
ajiplied even whoi*e a •change of section occurs, us, for instance, 
frinu cireulur to rectangular. Taking, for example, a pipe 
uperudjomt shown in Fig. 205, the core is first struck up, iisitig a 
strickle of fleiubcirculai* sliaiie for one end, and rectangular for 
the other. Tho rough core, after drying, is worked down by a 
raap to thu groduaUy tapering form required, and is finished with 



Vin, 20.".—IHpc of Siiccial Viirrn 
in iiunin. 
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punnce wtoiie or gkut* ptipuv. After treatirig witli blrtekwasJi, 
titripH of the same thickness as the metal ave fixed upon the core. 



and the interv<nilng sjuices filled up Unol with loam, wliirh is 
then drij^l. I’lu* stni>s are next taken off and rephwaul l^y loivm, 
wjiieh is rlfried, and tfie ])atteru completed as lietore. 



Fin. 207.- PAttoni for Hijfh'prcfiMin! TTiihinA of <'u»Ar(1 R.M.H. “ r.nsjtADia.’' 

Skeleton Petternfl.—It frequently liappens that a sin^^le cast^ 
ing of unusual size or form, such as a jii/ie beiui, is required at 








Fig. 203.—Cdm^lcr tor luvurted VetticaL Marine Kngiao, 
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fltiifutihif; piucea l^tween thorn* The naoulder first proceeds to 
Jill up the intervening spacea with sand, which ia rammed in 
huvth and utriukled off tu tlie edgets of the skeleton frame. From 
the coinbinntiou pattern of timber and sand, the object is moulded 
in the usual way. For some interesting examples of work of 
tIuH diameter on a very large scale, the author is indebted to 
E. M. JJrown iV (Jo*, paltorriuiakevs, of Ituddorsfieltl* 
Fig. *207 U from a photogra])li of the pattern for the top half of 
the casing of the high-prensiiro turbine for the Cunard li.Ill.8. 

Ijusitania.’’ This pattern, which was made for Messrs. John 
Brown & Co., Ltd., of Clydebank, m^iiHuros 2K feet in longUi by 
11 (oetO indies in height. Fig. 208 shows the patterns tor the 
high pressure and intermediate cylinders oE a large inverted 
vertical marine engine of the rccIprocatiDg typo. 
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CHILL GABTlNa. 

It hiiB }>uen shown ihai the hardness of cast iron depends npon 
the condition of the carbon contained in it. In the very hard white 
variety the carbon is aliccst entirely in the Gombined form, 
■whoreaa in the soft grey irons, by far the greater portion of the 
cnrlxni present is in the free or graphitic state. When cast iron 
in cooled very rapidly, the crystals of graphite have not time to 
separate, and the carbon, remaina combined with tho iroiu This 
may 1)6 effected by casting the iron in a metal mould, the result 
being known as chitling.** The more rapid the rate of cooling 
the whiter will be the iron, or the greater the depth of eliilh 
A special grade of iron, low in silicon content, is necessary to 
secure the best result, which is also to a great extent influenced 
by the thickriess of the metallic mould, and the temjlerature of 
]ioiLring. Hence, the depth of chill below the surface may vary 
from i inch to 1 inch or even more, the rest of the metal 
roiuaiiiing soft and grey. Advantage 'is taken of this fiu:t in 
casting n>lls for rolling mills, shoes for battery stamps and other 
parts of crushing and grinding machinery, tramcar wheels, 
plougbubares, etc,, where an extremely hard surface is required 
with au interior of softer and tougher metal. Those parts which 
are to remain soft may be* cast in green or dry sand in the 
usu)d way, the chill being arranged to take the place of one of 
tho 1 ) 0 X 68 forming the mould, or in some cases the wooden 
pattern may be placed inside the chill, and the two rammed uji 
together in the mould. Car ivhteh, which are chilled on the 
tread, are moulded in a three-part boi, the middle ** of which 
is the chill. Fig.' 20th The boxes are of circular form, and with 
the chill, are provided with pins and lugs as usual. The chill ring 
is bored out to a smooth surface, and is turned upon both faces. 
Before casting, it should be heated to drive off moisture, and the 
internal surface thickly coated with plumbago to prevent risk of 
fusion by the molten metal. The chilled part of the casting sets 
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very quickly, aiul fche wlieul, while ftfeill reil-hot, iw traiinferml 
from ihe mould to an ttnnealhij:; furnace, where it remaiuK tliroe 
or four days. Very slow* cooling must be resorted to, in order to 
re<luce contraction streKses which are liable to lie set uplti-llio 
niichilled part. The uianufactnre of chilled car wheels has been 
very (extensively developed in America, where they are employed 
not only for tramway vehicles, but also for goods wagons, itiii- 
way carriages, and oven loctoniolive engines and tenders. In 
this country, steel castings are preferred, even for such a purpobo 
as the Nvheels of colliery tubs. Fig. 210 shows the complete 
mould for what is known as a "Nlovble-plate’’car wheel read}' 
tor pouring. This arrangement has been adopted by nnmy lirnis 



in the States, which specialise entirely on this class of work, ami 
it is the general practice to cast the wheel flange down.'* Tho 
mould coiLsiste of four parts: Co})e a, chill n, drag c, and 
“Imttorn hoard" d, all of circular form, the latter a perforated 
CBfit iron plate, ehown in plan at (c). The wqie, a, and the chill, it, 
are bolted together with four bolts, e, and two pins, v, enable tiie 
chill to l>e located in proper position on the drag, c. The chill Is 
also provided with^tnmnions, q, for lifting (see plan). To take 
out the double plate portion, a ring core, if, is used, siijiportofl on 
three round feet, r, through which any gas may find its way, 
escaping by^the perforated bottom plate. The same remark 
applies to the core, .r, for the central boss. The ring core is pre¬ 
vented from rising by chaplets, k, the stems of which are placed 
in holes drilled in bust»s cast on the cope for the purpose. The 
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addition to feeding by a rod, hot metal mnet be added from a 
hand ladle at intervals, to make good the loss dno to ahrinkage 
v^hich takes place in the interior on cooling. The chill for 
the body of the roll consists of a thick cyhiider, accurately bored 
out to size, and connected by bolts or pins to the top and bottom 
boxes. The necks and couplings at the ends of the roll, whicli 
have to tratiKuiit the whole of the power, are left ns fttroiig and 
tough as possible, and are therefore cast in sand, moulded from 
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Here the chiU conHbfcs of an iron pin, which ie BupporteU in iron 
prints fitted on the pAttei^n and left behind in the sund when the 
pattern is withdrawn, Tfie core chill is thus centrtnl very truly, 
which is iin})ortftnt where the hole cannot afterwards he bored 
out The core chill must be knocked out l>efore the costing has 
had time to shrit^k tightly upon it. 

The Use of Chills as “denseners/*—As ordinarily tunder-. 
stood, the function of a chili is to produce a hard white iron on 
the surface of an otherwise soft casting. Recently, however, the 
term chill lias been used in an entirely different sense, which is 
somewhat unfortunate, and liable to lend to confusion. It has 
been shown that castings in the form of wheels or pulleys aro 
liable to give trouble on account of not being sound in the boss. 
This is due to the slow rate of cooling of the thick boss, and 
at its jiuictiou with the comparatively thin arm, porosity or 
sponginess frequently results in consequence. The use of the 
feeding rod is commonly resorted to as a cure ft>r this evi! (see 
Fig. 140), but it is at beat an imperfect remedy. A chill or 
cooler placed in the centre of the core is likely to be much more 
effective than the feeding rod. It should be rememhejed that 
the alow rate of cooling which occurs at the thick sections of a 
casting is sure to result in an open, porous and weak body of 
metal at those points. If a chili or cooler of the correct (leuign 
and IhiukueKH can be applied to the thick section, and thereby 
accelerate Bolidiheation, all danger of porosity or aponginess will 
be eliminated. This is due to the fact that the carbon has less 
time to separate out in the form of graphite, and is tlierefore 
retained more in the combined condition, which causes the 
metal to be closer and stronger. When the casting bas solidified, 
the object of the chill has been accom])lished, and it may be 
removed to avoid chillmg in the ordinary meaning of thd term. 
There can be no doubt that, intelligently applied, this systoni 
of artificially accelerating the solidideatiou of tlie thick portions 
of a casting must constitute a valuable aid to foundry practice. 
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THE FOUNDRY AND ITS EQUIPMENT. 

The ideal lay-out of a foundry depends to a great extent upon 
llie nature of the work to lie done, }mi cortnin lu'oad principles 
luuKt always l>e taken into uunaideration. The huildin;' in 
usually rectangular in plan, aii<l although dividod into hays for 
structural reasons and for the accoiumodation of overhead travel¬ 
ling cranes, the whole space should be left free and unolMructed, 
internal walls l)eing avoided. The number and size of spans is 
governed largely by the primary division into heavy and light 
work which is observed in almost all foundries, lieayy work being 
confined to tlie main liay served by an overhead travellor, tlie 
smaller bay or bays, provided with runways, or light jib cranes, 
boing reA=frvfMl for liglit work. The sections for drysand work, 
core-nmking and loam, each conlined to itself, nuist bo located 
in the neighbourhood of the drying stoves, and kept separate 
from tho space allotted to greensand nionlding. It is also 
desirable that special work, plate moulding, and machine 
moulding, should each be carricil on as a distinct department. 
The cupolas are best placed centrally, at the side rathov than at 
the end, the charging platform with hoist, iron store, etc., Iwtng 
kept outside the foundry proper. Adjoining the cu])olaH must be 
placed the engine-room, containing also the < blower or fan, and 
any ot^or machinery to be driven by the engine, such as tlio 
sand mixer, pan mill, emery wheels, etc., should lie arranged in 
ctoKC proximity. This fixes the position of tho dressing or fettling 
shop, in which the castings ate cleaned and brushed free of sand, 
cores removed, runners and risers cut ofT, etc. The boiler should 
bo as close to the engine as possible, and may be placed most 
conveniently on thu opposite side of the cupolas, followed by the 
drying stoves, which may be made to utilise the waste heat from 
the hoiler^or if separately hred, sboald discharge into the Kaine 
chimney, ^ence cupolas, engine and boiler houses, drying 
atoves, etc.^ are best ranged down one side under one roof, with 



THE FOUNDRY AND ITS EQUIPMENT, m 

foL' aborage of raw maberial^ coal, coke, pig iron, limeKtnne 
and Blind, built parallel to the rear, and so communicating with 
i'aiJ\vrt,y Hidings that the contents of the wagons may he dis- 
chiirgtMl direct where required. The stores, time office, foreman’s 
office, workmen's lockers, and lavatories are situated near the 
entrance, partitioned off from the main building. In addition to 
cranes for dealing with heavier objects, too much attention cjvnnot 
Ijo given to the provision of Lifting, etc., appliances of the liiindioat 
type to assist the men in their work. The foundry should be served 
tln^oughout, and connected with the other parts of the works, 
by a light railway. It is most important that the Imildlng should 



1k) well lighted, both by roof glazing, and by side windnwH in tlio 
walls. Thorough ventilation, with prn^r means for removing 
diirtt, smoke, and fumes, is now regarded as absolutely essential. 
Those requirements have been well carried out in the plan sho\Yn 
iu Fig. 1112, which in recent years has lieen widely adttpted. The 
photographs, Figs. 21B and 214, which re))iesent the tnaiu and 
side i>ays respectively in the foundry of Alessrs. Croft and 
Perkins, Ltd., enginoers, Bradford» will serve t(j show the clear 
rioor spacef ample head room, and abundant lighting provided 
in the modern foundry,’ 

The ironfoundry at the works of Messrs. G. Jc J. Weir, Ltd., 
Cathcart, Glasgow, Fig. 215, affords another example of up-to- 
date practice in the same direction. This foundry is designed 
for the rapid and economical production of light and inedinm- 
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weight iron caetingH, and every effort lias been made to secure 
the rapid and efhcient handling of both raw materials and 
hnished caatiuga. In each of the two bay9 hydraulic jib cranes 



a 

!5 




i 
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are inBballed for the handling of boxes^ etc., electric overhead 
cranes being provided for general transport. The foundry floor, 
measuring BpO ft. in length by 70 ft. In breadth, is laid entirely 
with concrete as being conducive to ease and tidiness in working. 
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Ono buy is devoted bo general moulding, and the other bay to 
Ihe oiiei-fttions oE core-making, closing, and casting. 

The Melting of Hetale iu the foundry is carried out in 





(1) an open bath, heated from below; (2) a crucible furnace; 
(B) a cupola; or (4) an air furnace. The first is suitable for 
metals of low melting point only, such as tin, zinc, and lead. 
The crucible furnace, though available for the highest tempera- 
tures, is the most cosily in operation, and is rar^y omployed if 
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any other method can be adopted. . Steel caii be melted only in 
a unieihle furnace, but the majority of ateel castings are made 
imniodiatoly after tapping out the metal from, the Siemens 



furnace, or the converter, no remelting being necesaary. Brass 
and gun-metal must be melted in cvueiblea, or in.^m air furnace, 
to avoid CQuta’^t nf the metal with the fuel, as otherwise gases 
and impurities are liable to be absorbed by the molten metal from 
the waste products of combustioTi. Tl^e cupola is employed solely 
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for cast iron, and affords the only instance in wlitch the fnmair 
burnt in contact 'with the metal. The air furnace is occnsiot, leac 
userl for heavy castings or largo quantities of cast iron, or of hro*^ o 
It may he said that it) the iron foundry tlie cupola is almost in¬ 
variably used, the air furnace rarely, and the crucihle furtince never. 
The Cupola consists essentially of a cylindrical casing of 
iron or steel plates lined v?ith firebrick. An opening or charging 
door is provided near the top for the introduction of the pig iron 
atid fiiel, and at the bottom ifi the 
hcartii, whore the molten metal 
ccllecls, and from which it is run 
out, or “tapped*' into ladles. To 
produce the intense heat re<]nired, 
a Hudiciently rapid combustion of 
the fuel is maintained by blowing 
in air under pressure through pipes 
or tnycrOH, situated at Hoine little 
(lisbaiice above the hearth. The 
cupola inoHt extensively used in this 
country is of the type introduced by 
^lessrs. Thwaites Eros,, Ltd., of 
Bradford, Fig. ‘21B, the essential 
tciitures of which are [a) the drop 
bottom, {h) the blast box arranged 
with two or more rows of tuyeres, 
and (<') the receiver fur the collection 
of metal as it is melted. The cupola, 

Fig. ‘217, stands on a cast iron base 
plate, supported on four cast iron 
cnlnmus, and the iNittoin is closed 
by a hinged falling door, held in position by a long l>o1t sliding 
through lugs. As compared with the older form of sdlid bottom 
and raking out hole, the drop liottom possesses several iinporlant 
advantages. The cupola can be emptied at the end of the day’s 
.operations with the greatest facility, avoiding!the heavy work of 
• raking out and fr6<Luent quenching of coke, and the lining can be 
repaired with the greatest ease and with the least delay, as the 
cupola cools much more quickly due to the rapid current of air 
when the bottom has been dropped. With the older arrangement, 
.the blast is nsually introduced into the .cupola by means of 
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tuyerds connected bo the bleat main and passing directly through 
the firebrick lining. In Thwaitee’ cnpola an air belt or blast-box 
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fiarrounding the hearth is employed, into whieh the blaet main 
deliverB, and from which the tuyeroH, usually in three rows, lead 
into the furnace. This gives a much more even distribution of 
the blast than can be obtained by tuyeres aloue. A small 
mnviible door, Itnown as a sight-hole, is fitted in the belt opposite 
each tuyere, and ia provided with a blue glass plate, so that the 
progress of the melting may be observed. A bar may also Iw 
introduced through the door to knock down any obstruction or 
** scaffolding " due to accumulation of slag, etc., which may collect. 
The blast enters the belt from the main through a breeches pipe, 
each hraucli of which is fitted with a valve, so that in case of 
necessity,—as, for instan^ce, the occurrence of a scafidld,—the 
whole volume of the blast can be thrown on one side of the cupola 
by manipulating the valves. The third feature is the firebrick- 
lined cylindrical receiver into which the metal is delivered us 
fast as it comes down, until a quantity has been stored up equal 
to half the hourly melting capficity of the cupola. The plan 
coiimionly adopted when making heavy caatings with one cupola 
of comparatively small sisse, is to melt one or two tons of metal 
in tlio usual way and run it into the ladle. A similar quantity 
!ft again allowed to collect in, say half-an-hour’s tin^, and is also 
lapped into the same ladle as before, the surface of the metal 
being covered with a layer of charcoal powder to retain the heat 
and prevent oxidation. IHiis may he Repeated with one or more 
ladles until the required quantity has been obtained. It will l>e 
seen that the use of the receiver effects the same object in a much 
simpler manner. The tapping hole is thus always open, and u 
circulation of hot air is maintained through an upright ganister* 
lined pipe at the top to prevent any chilling of the metal. 

Charging thq Cupola.- After closing the drop lx)ttom, the 
hearth, or sand bottom, of the cupola must be pre^Hured by well 
ramming a layer, 6 inches thick, of sand from the foundry floor 
slightly moistened with loam wash* This is effected through the 
fettling door opposite the spout leading to the receiver. A wood 
fire is then kindled and covered with coke, air entering through 
the fettling door until combustion proceeds vigorously, when the 
door ia made up and more coke added from above. When the 
cupola is thoroughly heated, alternate layers of pig iron and coke 
are put in through the charging door, and in about two hours’ 
time, the blast is turned on, the cupola being kept quite full as 
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the chiirge f^inks. The materiale ehiuild be weighed out in 
pnipei* proportion, Dl>out ‘2^ cwta. coke beiVig required for eiich 
ton of iron melted. The maUndale arc ralKcd hy nieune ol a lift 
to the fttnjffi nr ckartfiiuj phti/nvfUf built to tlie rear of the cu(X)la 
at a convenient diBisnco hclow the charging hole. Tlie piatfonn 
should be of ample size to allow of Btoring all the pig and ecrap 
iron, coke and limeRtone required for the charge, 'Fig. 218. 
From i to ^ cwt. of limeetone for each ton of metal ib uIko 
added it* the charge, to act as a flux, forming with any iron oxide 
and th« hhIi, etc., from the fuel a fuaible alag, which floats upon 
the surface of the metal* in the receiver, and is run olT from, 
tiiiuj to time through the spout shown. At the bottom of the 
receiver is an opening giving access to the interior, and doseil by 
th({ tapping door, in the lower edge of which lb cut the tapping 
Itole. Jluring melting, this is closed by a &h)ppBr or plug of 
fireclay, which can ho knocked out with a pricker bar when it is 
rt'quirod to hip the metal into a ladle. 

The Blast for the Cupola.—Much has been said and written 
concerning the ralaiicr nu riin vftht'/au <infl thfW^irrr for foundry 
pur]) 08 e&. In any case, the ])i'imary olqect is to move air 
>Lgaiust a resistance, and the essential differeucefbetween the 
fan and tlie blower consists ul the metliod of creating pressure 
to overcome the resistance. In a fan of the centrifugal ty|>e, 
I'ig. 2llb velocity is uiipailod to theTair in its passage from the 
central inlet to the outer circumference of the revolving wheel. 
This velocity is converted into pressure, with corresponding 
increase in density, within the fan case and its connections, and 
the pressure thus produced is therefore dependent upon the 
spiuid of rovolulion. At constant speed, the voUimo delivered and 
tho power absorbed deereaee as the resistauce increases. Suppose 
the delivery orilico to be completely closed, thereby ii^veoBiiig the 
rcsistanco to a maximum, and let the fan continue to revolve 
witlioufc change of Bi>6ed, simply churning the air in the casing. 
The delivery then, of coui-se, becomes s^ero, and the power 
requirwl to run the" fan U a minimum. With the "positive’* 
type blower, on the other hand, the method of working is totally 
dihereut. A certain volume of air enclosed hetweou the revolving 
impellers and the casing is delivered four times each revolution 
against the resistance to be overcome. The air is thus compressed 
to a density proportional to the resistance, and the pressure is 
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mcreased in the Bame ratio. If the speed ie constant^ the delivery 
remains undiauged eo long &d discharge takes place^ and the 
power expended increases with the resistance. Hence, if the 
delivery orifice be closed, the power expended is a maximum, and 
the air displaced is accounted for entirely by ** slip.** 

Theory of the Fan. —The laws governing the movement of gases 
are the same as those which apply to liquids in motion. To 
produce a given velocity, v, a cer^n ideal head is necessary, and 
neglecting friction, the velocity of flow is the same as that which 
would l>e acquired by a body falling freely under the action of 
gravity through a distancq equal to the head, h, or 

V s= V^ffh . . . , (1) 

ill which ?’ = velocity in feet per second; /t = hea<l in feet; and 
if = acceleration due to gravity — 32*2 feet per second. The head, 
hfittny roiuUly be expressed in terms of pressure,and density, (f. 
For instance, in the case of water it is well known that a cubic 
foot weighs G2'f> lbs., from which the density, or weight of a 
column of water 1 foot in heiglit and having a base 1 square 
02*5 

inch in area ta yjr ~ ^dnce the head, or height of 

rt column of water equivalent to the pressure di the atmo- 

14*7 

sphere, or 14*7 lbs. per square inch Is found to bo — - = 84 

*434 

foot, and, in general, it may be said that 

p = htif and ^ * • • (2) 

In dealing with air, the pressure may be conveniently ex¬ 
pressed in pounds i)er square foot, or more usually, in inches of 
water gauge (see Fig. 221). A cubic inch of water weighs 62*5 
1,723 = O'OdS lb., and therefore a column of water 1 square 
foot in area and 1 inch high will weigh 144 X 1 0< 0*036 — 
5*2 lbs. Hence, 

Pressure in lbs. per square foot -4- 5*2 ~ inches of water gauge. ‘ 

• 

The density, d, is taSen as the weight = 0*077 lb. per cubic foot 
of dry air at normal temperature and atmospheric pressure, and 
combining equations (1) and (2) we have 




( 8 ) 
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The theoretical water gauge produced b; a fan in proportional 
to the velocity of the outer circumference of the fan wheel, or as 
it is generally expressed, to the velocity of the blade tips. From 
oq^uation (1) the head may be found by the lonuuta 


h = 




The total weight of a column of air of height, ft, and of 1 stjuarc 
foot in area = 0'077/r, from which the equivalent water gauge 


0’07 7h 
52 


= 0\0148/t. 


Thus, suppose a fan has a diameter of 2 feet, and that its speed 
is 1,100 revolutions per minute. The velocity of blade tips is 
then 


2 X 314 X 1,400 
'’150 


140'G feel per second, 


the head corresponding to which is, 


X 14fi fi 
2 x' 32*2 


333-7 feet. 


The weight of a column of air 333'7 feet high and of 1 square 
foot area 3337 X 0*077 = 25’(i9 lbs., and the equivalent 
water gauge = 25'fiO 6'2 = 4*94 inches. 

Under the conditions stated, the velocity at the circumference 
of the fan wheel, of the fan tips, necessary to produce a given 
velocity of discharge through a properly shaped outlet, may bo 
Ukken to be equal to the velocity, r, as found above. The volume 
therefore vanes directly as the speed. But the formula also 
shows that the pressure produced by a given fan varies us the 
square of its speed, thus from (3) 



■ (4) 


The work done per second, W, is the product of the velocity of 
the ftir in feet per second = f, the pressure in lbs. per square 
foot = P, and the area in square feet = A, upon wliich the 
pressure is exerted, or 


W = i? ?A . 


■ (6) 
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Malting allowance for change of couKtants iu calculating P, 
equation 1.4) may bo written:— 


P = 


Di-* 
'^9 * 


Subniituting this value of F in (5) : 




From which the important result ie obtained that the work done 
varies as the cube of the Velocity, or, in other words, the horse- 
pi>tt'er reriuired to drive the fan is proportional to the cube of the 
nuiiiher of revolutions per minute, and may be written;— 


00 DAr> „ DAr» 

* “ 64-4 X 33,000 35,426* 


lienee, if the speed of a fan lio doubled, the volume is also 
doubled, the pressure is increased four times, and the horse¬ 
power required to drive the fan will he eight times greater. The 
great increase in power which is required for oitly a small 
increase in the speed of a fan is thus explaineil, and tlio serious 
loss of efhcieucy which results from the use of a fan not properly 
propf>rtii>iied to its work is dourly deiuoustratfed. It has been 
stated tliat under the assumed condiuou the miixitnum velocity 
of discUurge is equal to the circumferential speed of the wheel. 
This, however, is not true in all cases* In the *' volume " type of 
fan, very large inlets iu proportion to the sjiso of tlie w'heeJ, and 
a largo number of f^liiillow blades of eousideriihly greater width 
than usual, are employed. A striking result of this arrange- 
ment is that the diBcharge velocity greatly exceeds, and jnay even 
approach a maximum of twice, the circumferential speed. Siicli 
fans are only snitable for moving large volumes of air against 
very small pressure, and are not adapted for foundry purposes. 
Tlie pressure'* type of fan is designed with the object of enabling 
the velocity energy imparted to the air by the vanoa to be con- 
veitcd into pressure energy at the delivery without loss due to 
edillos, etc., iu the casing. This is accomplished (1) by endnsing 
the vanes between conical side plates, which extend from the 
inlet to llie circumference of the wheel. The air is thus retainefl 

U.T, 
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^Itbin the revolving wheel until the required ve!t>cily hae been 
imparted to it: and (2) by uiakingthe casing of involute fonn, in 
which tho area of erase soolioii gradually increases towards the 
delivery* A well known tixainple* embodying both these features, 
made by the Stuj te^^ant Engineering Co,, Ltd,, Queen Victoria 
Street, London, and largely applied for blowing cupola furnaces 
and smith’s forges, is shown in Fig. 219. A double inlet (i.c., 
on cither side) having a diauieter about half that of the wheel, is 
provided for both easing and wheel. In striking contrast to tlia 
** volume ** type of fan, the width of the wheel at its outer circum¬ 
ference is about and at the inlet about f,, of the diameter. 
Extending from the inlet to the cii'cuinferenco are six major ** 
vanes, between which are two minor’* vanes of about half tho 
length* The vanes are all curved slightly Ijjickwards nt tlie cir^ 
cumforence. The casing Is constructed in halves, the greatest 
diameter being about IJ times that of the wheel. The Hpitidlo 
runs in very long swivelling bearings, lined with white jnctal, 
and fitted with a special device for continuous oiling. 

The of a fan or bhwer is somewhat diflicult to 

dotermine by calculation, and is boat ascertained by direct 
experiment. Tho usual plan is to carry out Ulo test with a free 
discharge/' as it is termed, in which a sheet iron guide tube, R 
or 10 feet long, is attached to the delivery orifice of the fan. An 
anemometer is Bus]»ended at the end of the tube, and from reail- 
ings taken every two or three minutes during the tost, Iho averager 
velocity in feet per minute = v, of the current of air delivered 
may be obtained. Calling the area of the delivery pipe = a 
square foot, (he output of the fan is then known to be = a 
cubic feet i>er minute. The theoretical volume of air discharged 
in one revolution of a blower = 4 times the sliaded area in 
Fig. 220 ,.x inside length of casing. In practice there is, how¬ 
ever, a certain amount of lt)8s due to leakage and slip, and the 
difference in temperature of inlet and discharge should be allowed 
for* A conshint or coefficient of discharge, determined by experi¬ 
ment for the particular type ol blower referred to, is generally 
employed to make the necessary co^-rection. Working at normal 
temperatures, and delivering ligainst a pressure of about 21 inches 
of water, the coefficient = C, will be found to vary from IJ to 2J, 
when, if A = shaded area as above in square feet, L = length of 
casing in feet, and R = revolutions per minute, the volume of 
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lischftfgo = V in cubiu foot iwo minute, may be found from the 
•quation 

V = 4 CALR. 

If tile presBuve to be produced does not exceed 12 inches of 
vater, tlie pres^eiue type of centrifugal fan in the most suitable 
Lndefiicient to employ. For ])ressureB of from 12 to 18 inches 
vater gauge, the fan and the positive type blower maybe regardtxl 

I 

1 

t 



Ks equally well adapted to the work, whilst aiiove 18 inches the 
iulv^uitage is on the side of the blower, which in tuni must give 
way to the blowing engine when a pressure of from 3 to 4 ilm. 
per square inch is reaclieil. 

It has l>een found that the average pressure due to the resis* 
tance offered by the material in the cupola vartoH from 21 to 28 
inches of water, and the volume of air required is about 8.'>,000 
cubic feet per hour for each ton of iron melted. To deliver 
this quantity of air at a pressure of 21 inches water gauge 

T2 
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(= 12 OZ8. per square indi) ’rtill aitsorb from to 8 
which may be taken tts thcitveruffo power per ton of metal melted. 
The mechaniciii efbdency of a fan working iiiidor such coiiditione 
is probably very low, the pressure required being considerably 
above the econoniical capacity of a single stage fan of the centri¬ 
fugal type. For this imson. the fan, althungh possessing some 
advantage in regivrd to cost and siiibibility for electric driving by 
direct coupled niotor, ia not usually regarded as l)cing so well 
adapted to foundry purposes as a blower of the positivo type, 
such as the blower shown in section in Fig. 220. This rs 

usually driven by belt from a counter^sbaft, or ])y motor through 



reducing gear. Two cast iron revolvers, machined to shape and 
at ends, rotate in an accurately bored-out casing,'’external gearing 
being employed to preserve the syncbioiiism of the two shafts, 
and maintain the revolvers in proper relative positions for draw¬ 
ing in air at one side and exi>oUlng it from the other. A 
peMtn-e (fuu^r should lie fixed in some convenient position near 
the blower, for recording the pressure of air in the blast main. 
The most usual form, Fig. 221, consists of a U tube of glass, 
partly filled with coloured liquid, one of the limbs being con¬ 
nected to the blast main by rubber tube. The other end is open 
to the atmosphere through a small hole in a brass cap, and the 
pressure may be read off by noting the level of the liquid in the 
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tube, behind which Is a graduated scale showing the dilTerenoe 
of level in inches. 

The Furnace foe foundry purposes, Fig. 222, is of the 
reverberatory type, somewhat resembling the puddling furnace 



in arrangement. At one end is placed the hregratOf separated 
by the bridge from tlie h^rth or melting chamber. The roof ifl 
of arched form, shajied so as to dellect the flame downwards upon 
the metal to be melted on the hearth. Tlie bed of the furnace 
slopes upwards from the hearth to the bottom of the stack, and 
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on this slope the metal is first placed, to utilise the waste 
heat from the furnace. The tapping hole is on a level witli 
the lowest part of the hearth, and immediately above it, just 
under the roof of the furnace, is a sight hole. The furnace is 
worked with natural cbininoy draught, and. the ilame may ho 
varied at will from a neutral to an oxidising, or oven smoky 
reducing, dame. In this res[)eet the air furnace has a great 
advantage over the cupola. 1^'or melting bronze, an oxidising 
flame must l>e avoided, or great loss of zino or lin will result. 
(Jharcoal is also to bo pi-eforrod as the fuel, as the sulphur in 
coal may act deleteriously upon bronze. Air furnaces arc 
generally used in foundries producing'Miarch bolls, sliituary, etc. 
To obtain the heat req^uired for melting cast iron, it is necessary 
to burn coal with a siirplos of air and a strong draught, giving 
an oxidising flame. This results in a loss of about fi por cent, of 
iron melted, but silicon, manganese, and some carbon are also 
oxidised, giving a purer metal especially Huitable for large and 
thick castings. Compared with the cupola, the air furnace is, 
however, slow, and its consumption of fuel is very higli, amount¬ 
ing to from 10 to 15 cwts. of coal per ton of iron melted. 

The Crtwfblr Ftiniace is always used for melting small quanti¬ 
ties of metai, not exceeding 2 cwts. For lieavy eastings, as in 
the case of crucible cast steel, the contents of a number of 
crucibles may be poured in succession into the mould, keeping 
up a constant flow until the mould is full, but the process is 
.•exceedingly troublesome and costly. The crucibles, either of 
fireclay or graphite, are provided with covers, the metal being in 
this way prevented from absorbing impurities fn>m the fuel or 
products of combustion. The crucibles, having a very short 
life, are an item oj! considerable expense, and the consumption 
of fuel is very great, reaching from 1 to 2 tons of coke for each 
ton of metdl melted. The crucible furnace is therefore only em¬ 
ployed (a) where it is essential that the metal to be melted should 
not come in contact either with the fuel or with flame, as in the 
case of steel, the noble metals, etc. ; (ft) where loss of metal due to 
volatilisation or oxidation must he prevented; or (c) in dealing 
with a comparatively small quantity of an infusible metal. 

The ordinary form of einicible furnace as ui^d in the brass 
foundry will be seen in the photograph, Fig. 223, and is shown in 
section in Fig. 224. The illustration refei's to the foundry at the 
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works of Me:'Brs. G. and J. Weir, Lfd., Engineers, of Cathcart, 
GiJisgow, which is reserved lor rc^>etibion work in dry and 
green sand, and is provided with a battery of pot fires com- 
prising sov'euteon furnaces, each suitable for crucibles holding 





lbs. of inciah As seon in the lower* right-lmTid corner, 
the battery is placeif at the floor level, with ashpits in front, 
and gratings on which the luelters can stand. It might be 
mentioned incidentally that extensive use is made of moulding 
luachinery, which is situated mainly round the w'afls and in 
the centre bay. Ciohing and casting are carried on in the 




henc6 termed a one-pot hole,” at the l>ottom of v liich ie the 
firegrate. The aHhpit below the grate bars forms a portion of a 
vault constructed below the floor of the foundry, access being 
gained in this way to the rour of pot holes or fires. The hole, 
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which in eircnhii* in ik Uned with firebrick or giinister, 

iOid lurgti enough to allow a ihicknosH of 4 inelieM of coke 

all round thu crucible. A m^]>ani6e flue ih provided for each 
hole, leading iritr) a common chimney stack which produces the 
necessary draught. A cover of firebrick encased in a WTought 
iron frame, 18 fitted toetich hole, and is provided with a projecting 
liar or handle by means of which it may lie drawn to imo side for 
putting in or ])ulliug out the cruidhio, or atteiidiug to the fire, 
which in kept filled up level with the top of the crucihlo. To pre¬ 
vent the chilling effect due to tb<! firebars and 
the cold air first entering the grate, a “ stool *' 
of fireclay about 0 iiudiea thick is placed 
under the crucible. The fuel employed for 
crucible furnaces is ahnost invariably cokci 
and although tlie gas-fired vogenerative fur¬ 
nace would appear to have some advantages, 
it has never come luto extensive use. With 
tlin ordinary method of working, the crucible 
is withdrawn by means of a pair of specially 
shaped longs, Fig. 325, which must be 
apph(xl with sufficient pressure to prevent 
tlie plausibility of Rlipping. Hence there 
is some risk that the pot may l>e crushed 
in the tongs, and in any case, the sudileu 
transition from the Iiot fire to the cold 
air is a source of danger and the main 
cause of the short life of the crgcible, 
wfiicli on the average only reaches about 
15 heats. These difficulties in handling the 
])ot led to the introduction by Fiat of the 
Tiliiuif Fig. 2*26. The body of the furnace consists of 

a stool t)late she]] lined with firebrick, and Jinving a grate at the 
bottom ou which the crucible stands in the nsnal w'ay. Below 
the grate is an air chamber, to which air is supplied under 
preasiiro. The furnape is mounted on trunnions, and may he 
rotatetl into the position shown iu dotted lines by worm and 
worm-wheel mechaniHin ojienttod by hand-wheel. A spout is 
formed thnongh the firebrick lining on ft level with the top of the 
crucible, the coritents of w'hich can thus be poured into a ladle 
by simply tilling the furnace. In another nrvr;iigDinent, the 








rio. 
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furnace, instead of being rotatod, is lifted bodily by a crane, on 
>¥111011 it isearried to tbe mould, audits cuntentapoured inexactly 
the sJiine way as when using a ladle. With the blast under pressure, 
combustion is much more coTupIete, and as tliere ib no Pooling 
when once the furnace has been iieaieil up, a great saving iu fuel 
n^sulta. The cvucibleR also Inst much longer, although tbe melting 
is more rapidly pe^forrncd, taking only from 20 to 30 minutes, 
G(i8-J*%rt'(f ('ntrihiii /''w/virw-r,“Experiments at the Royal Mint 
have shown tliat gas-hrod furnacos are particularly convenien' 
and economical for melting bullion and certain precious mehds. 
l'W»ut*h a puqKJse, any kin<l of fuel-gas, whether coal-gaa, pro- 
(liK^Br-giis, or oil, may be used, the liurner being, of course, 
m sUtiod to suit. At the Mint, thu sysLem mlopted is that 
introduced by Mr. b. N. Braysliuw, the well-known expert of 



Manchester, town's gas being taken at the ordinary pressure from 
tbe main (about 3 inches of water) and mi\e<l with air at a 
pressure of about 2 lbs, per square inch., Kllicient cuuihuBtioii 
dB[ieiuls mainly upon tlio correct form of the burner uokkIc, 
and of its lirebrick extension in tbe funiace. The burner 
dcHignorl and piituittcd by Mr. Bniyahaw' is shown in section in 
Fig. 227. The gas and air supplies are capable of independent 
regulation, and tfie cocks are provided with graduated qliadrants 
to allow of easy and exact adjustniont of tlm roBpective volumes. 
The gas and air combine in the nozzle, which somewhat 
resemhltis that of an injector, but the resulting ^legree of admix^ 
t«re is by uo means sufficiently perfect U> enable the highest 
possible toni]ierature Uj be attained. The stream of air and gas 
is tlioretoce (lelivered to the mixing Jiead, the arrangement of tbe 
pockets and pas^ageB in wfiieh is designed, as the result of the 
balHiug ami eddying action which takes place, to effect the nioet 
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intimate mixture possible. In this way temperatures up to 
*ilO(F F. have boon obtained iu the Brayshaw crucible fumaces 
at the Royal Mint with gan of 150 B.T.U.’s, and the coat of 
fuel baa been reduced to 4Jd. per cwt. of standard gold bullion 
as compared with 7tL when coke was used. The furnace itself 
ia shown in Fig. 228. The cylindrical sheet steel casing is 
made double with the intervening space filled in with non-con- 



t'lo. S28.—BrAjAhaw’4» Cruciblo iTuriMCC. 


ducting lagging, LA. The lining of the furnace coneistB of a 
specially moulded solid block of refractory material, HM, which 
may be easily aifd rapidly replaced wh^n required. It will be 
noticed that the combustion chamber, which ia reduced to the 
smallest practicable dimensions in order to concentrate the heat 
on the crucible of metal, is provided with an emergency outlet, 
EO. The mixture of gas and air from the burner above descril>ecb 
ia admitted tangentially just below the bottom of the crucible. 
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The products oi combustion pass away through an opening in 
the main cover, MC, to a damper, D, connected with the chimney. 
Tho cover, is counterl>ftlanced by a weight, BW, and when 
raised through a short distaneo vertically by the lever, L, is 
capaljle of turning horizontally about the line AB as a pivot. 
To remove the crucible, the cover, MC, is first swung laterally out 
rtf the way, wlieii the lift is effected by means of tonga as usual. 
For charging the crucible, or examination of its contents, a small 
cover, SC, fitting over a hole in the main cover, is provided. At 
the Mint, there are four Brayshaw furnaces for melting gold, each 
pot holding ii,600 troy ouncdf^, and sixteen furnaces, each taking 
a 400 lb. crucible, for melting silver and bronze. 



CHAPTER XXV, 

THE PRODUGTIOK OF STEEL CASTINGS. 

For the proclnutlon uf large and heavy cantings, the 
open-lio:vi*th [)t'ocea8 already deBCribed Jh without a rival, and 
iiIho niueh the cheapest, at any rate on a large scale, lint tho 

plant is costly, and must he kept 
going contitnmusly day and night. 
On the other hand, tho use of 
the crucible furnace, although wedl 
adapted for steel of the highest 
quality, is very costly, and of neces¬ 
sity restricted to coiu]>aratively liglit 
work. Steel cannot he melted in a 
cnpohi, as carbon, sulphur, and other 
impurities would he alisorbed from 
the fuel. A great demand has sprung 
up for steel cixslini^B of small si^ie, 
and there are many instancos in 
which it has beon found desirable to 
add a small steehmaking plant to the 
e«iujpment of the iron foundry. 

With this object in view, much 
attention has been given to the 
- application of the Ilessemer prowess 
on u small scale, and several modifi¬ 
cations are now working quite suc¬ 
cessfully. The principle of working, 

and the reactions which take place, 
Fio. 829. - SMc i>town i_ i. 11 • • 

CoiivtiUT. *^re subBtantially those occurring in 

the ordinary PeBsemer converter, the 

only difference being in the manner of introducing the blast, 

This can be done in four ways: (1) from lielow vertically 

through the bath of molten metal, as in the original Bessemer 

process already described under the heading ol steel manufacture; 
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('2) from Ihu Bidu throup;h. iho molfcen luot'il, os in Roberta* pro< 
iHiw ; (iO from the aide but above atid ]) \raRel to the surface of 
the molten inetal^ aa in the Tropenas process; and (4) from the 
side but at a certain an^Ic with the surface, as in the ‘^Stoch** 
])roce«s, Pig. 221). Each (»f these uifithtida has been shown to 



yiu, 2IW.—TJifi “Stock” ConvcrlCT. 

be capable of producing steel of thoroughly reliable quality. 
Surface Vilf>wing has tho great advantage that'the pressure of the 
blast, not having to overcome tbe head of liquid metal, may be 
much reduced, and by blowing in an iaclitiod direction upon the 
surface, tbe oxidisiug action is more complete. .The ** Stork** 
Cmvatrr, made by Mesfli-s. Thwaitea Bros., Lfctl., of Bradford, is 
especially suitable for the purpose named, ejiabllng oven j-ton 
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charge8 to he mjulo into steel of excellent quality. The general 
tsoiiatruction of the convertor is nliowii in Fig. 2S0. ^Tt tonaists 
of an ordinary side-blown convertor, pi'oferably of oval section, 
mounted on trunnions wljich are supported on a steel frame, the 
latter in turn resting on a rollor-path in the Imse plate- In 
order that the couvevler may he turned in a horizontal 

plane, the blast enters by a main passing tfirough the centre of 
the baae plate, proceeding by the vortical pipe on the outside to 
one of the truTmions, which is hollow, and thence to the blast box 
on the side of the converter. The usual worni and worjn- 
wlieel gear, operated if need he byi an electric niohir, is pro¬ 
vided for rotating the converter vcrbicnlly into the blowing 
position. Tlie charge of pig iron is moUod in the converter 
itself, using oil as the fuel. A small air coni 2 )re 88 oi' working up 
to a pressure of So Ihs. per scpiare inch is employed for forcing 
the oil, which may Iw the crudost iwtroleunj, through the 
oil-biirners contained in the blast box. In fiddition, blast 
for conversion ia supplied by a blower at a pressure of from 2^ 
to 8 lbs. per square inch, its temporaturo lieing raised to about 
800® F. ia the economiser or “ recui>onitor/" Fig. 23]. This 
consists of % series of ribbed cast iron pipes of IJ form through 
which the blast passos on its way to the converter. The waste 
heat arising from the combustion of the oil during the melting 
of the iron circulates round the outside of tlie lufies, which are 
placed in a ihic leading to the chimney. The oil is fli^t turned 
on, and the vcHsel raised to a white beat. It is tlien brought 
into the charging position, Fig. 282, and the ueceHsary quantity 
o! hematite pig iron is introduced. For melting the cliarge, 
the converter is turned into the horizontal jmsitioii, Fig. 233, 
with its nose pointing to the entrance of the economiser. The 
blower is .then started, followed by the air pump, which forces 
the oil through the burners iu (he blast box, the oil being ignited 
by the heat of the converter. Tlie combination of oil and blast 
produces an Inteiise heat, which melts the charge in about 
hours. As soon as the metal iu melted, the oil uupply iu cut off, 
and the burners removed from tVio blast box, this oporation 
occupying two or three minutes. Thu converter iu now turned into 
the upright position for blowing. Fig. 284, wliich lasts about 20 
minutes, and conversion is accomplislied in the ordinary way. 
Atlcr turning down to the inclined position, the blast is shut off, 
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lid a weigliad amonnt of ferro-raanganeae or ferro-silicon is 
dded to “ tecarburifio " tha eteel to the desired extent. Finally, 
he converter ie brought into the position. Fig. 235, for toeming 



into the ladle. The metal is exeeediiigly fluid, and it is possible 
10 make difficult and intricate castings perfectly sound and free 
from blowholes. 

Malleable Caat Iron.—It has been pointed out that castings of 
ivraught iron cannot be produced. Castings of exceedingly mild 

H.T. I 
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iin<\ almost carbonloHfl steel, to which n small |terccnt«ge of 
alaininiiiiii has been ud(lo<1, were iMt]'odiU' 0 <l hy Nnrdenfelt ntidec 
the name of castings. In the malleable cast imn 

])rocos6 theolrject is io [iroduee a malenal similar in cheitriciil 
composition to wrouf^hfc iron, by depriving; ordinnvy iron 
ciiKt[ng3 of their carbon. The castings are first made iti the 



Fio. ‘2lU.--SU>ck Cotivcrter. IU<v.ving riMiUnii. 


usual manner from a haixl, brittle, white iron, nieltfal in a 
cupola HS usual. After pressing or pickling fdr the complete 
removal of the sand which may adhere to them, tliey are packed 
in cast iron Ijoxes with powdered red henialile ore, and the 
covers luled on with liroclay. The pots ure Iheij placed in the 
annealing oven, and the heat raised gradually to about irj,W F., 
according to the size of the castings; the operation lasts from 

7 > 3 




B40 


MECHANICAL TECHNOLOGY. 


three ilaya to a wi^k, after wliich they are allowed to cool down 
elowly. The oxygen of the ore (which k red oxide of iron, 
combines with, the carbon in the ca&tings, reducing tlie 
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amount of the latter etement to less than i'O pnr cent. The 
method k thus the reverae of the cementation pmceas of steel 
making. The tensile strength of malleable cast iron may be 
equal to that of ordinary wrought iron, but its ductility, measured 
by elongation, is only about one-third. 
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POURING THE MOLTEN HETAL—LADLES-CLEANIKG AND 
FETTLING CASTINGS. 

PourinA the Molten Metal.- - The metal, having been melted by 
any of the methode juet deetJribed, ia tapped into latUi% in which 
it may be carried to any part of the moulding floor and poured 
into the moulds ae required. la braseand ahiminium founding, 
pouring is done directly from the crucible, which is transported 
fvoni the furnace to the mould, in the saitie luanner as a ladle. 
For smalt oasts, the hand-shanh ladle, having a capacity of 
ai)oat i cwt., is employed. Fig. 2dG (a). For larger sizes, say 
from X to 3 cwfcs., the shank is double-ended, to be carried 
by two men, as in 1^'^ig. 286 (6), the straight end acting as a 
trunnion, round which the ladle is rotated by the forked or 
pouring end. Fig. 236 (c) shows a still heavier, or c^ane ladle, 
to contain 6 to 20 ewts. The trunnions, formed on a ring 
or iielt riveted to the body of the ladle, rotate in an arched 
fniTue or ** bail which can he slung from the crane hook, a 
catch being provided to prevent accidental tipping. To avoid the 
risk of accident should the man lose control, and to ensure steady 
pouring, it is sab.^ to say that the geared crane ladle, Fig. 286 (d)> 
should aUvays be adopted for capacities of 10 cwts. to 10 tuna or 
more. 1’he tipping gear consists of worm and worm-wheel in 
csomhination with' a pair of mitre wheels, the latter being 
employed to bring the operating wheel parallel to the plane of 
rotation of the ladle. The pouring is thus under betLer control, 
and the workman need not approach so near to the ladle. Tlie 
wheel or handle shaft is generally loose, so thal^it may be readily 
changed from one mitHs gear shaft to the other, to enable tlie 
man to stand either at the side or at the front, as may be most 
convenient. In addition to the trunuioii ring, large ladles are 
HtifTened by a ring riveted round the upper edge, and pouring 
lips are usually provided on one or both sides* A layer of more 
or leas fluid slag and ashes or ** Bcori»," always floats upon the 
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surface of the metal in the ladle, arid as tliis must not be 
permitted tu enter the mould, an iron rod of suitable shape ie 



Fia. S3C. -VaviouM PorruB of Fu^ndr/ Lftfllc. 

held across the mouth during pouring. Obviously a better 
method is to talce the metal from the bottom of the ladle, as is 
done in steel ingot casting. In the sHf-gkimmmg ladle of Messrs. 
Goodwin and How this is accomplished in a very simple manner 
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; pouwSg the molten metal* 

by the Use of a retdovable “skimmer " or dividiti^ p]ate» coate<l 
with dreclay* and reaching nearly to the bottom of tlie lai]le» as 
ki1)Oiwn in Fig* 237* Laflles are now made of stainjwd or pressed 
Mteel, hut the larger sizes are of riveted steel plate. .Every 
morning before casting they are “ daubed up" with loam, 




Fia. li37.- HeiP’ftkitnmini£ Lwlle. 


thoroughly dried and blackwoshed. Very large ladles are usually 
liued with fireclay. For steel casting, uoii-(ipping or bottom- 
pouring labels must* be used, as open-hearth steel is not 
HufUciently fluid to admit of pouring from the spout of a ladle. 
Sted-canting ladles are either of the crane or carriage type, an 
example of the latter being given in Fig. 283. The carriage or 
bogie may be drawn by a bcomotive, or may be moyed by hand 
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by BaeBnw of spur gear and chain drive. The ladle ie lined with 
fireclay, and to the bottom in fitted a ” nozzle-box,*’ carrying a 
valve seat or “ nozzle ” of fireclay. Into thk fits a fireclay valve 
in the ^!orin of the rounded end of the " etopper head.” This is 
fixed to the stopper rod, which is aurrounded by a tube of fireclay 
to protect it from the molten steel. The stopper i-od is connected 



FlO. 238..Stce^caf!itn|; TjiiUg. 


by a (iroas-hoad at the top to a vertical liar moving in guides 
outfflide the ladle, and operated by a hand lever, so that when the 
stopper is lifted the steel flows-out through the pouring nozzle. 
The ladle turns on trunnions, and by means of worm gear 
may be inverted after casting for the purpose of emptying out 
slag, etc. 

Cleaning or Fettling CaatingB.—After removal from the sand, 
and when sufficiently cool to handle, the castings are taken to 
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the Hhop And the cores ure knocked out with an iron 

hav. With oust iron, it is an advantage if gates and risers 

can be broken off with the hatunier while still red hot» bat on 
account of the ductility of the nietal, they must be i^ntoved 
from steel eastings by sawing oiV. Sunil! c^wtings of iron or 
are most effectively cleaned in the raitlt'r or tuiiihfiutf barnif 
Eig. 2di!. This consists of a revolving box of square, oetngonai, 
or cylindrical form, in which the castings are loosely packed, a 
removable door being provided on one side to give access to the 
interior. The rubbing action wiiieh results effects the removal 
of a good deal of the snnd and dirt JulJioring to the surface of the 



V'wj. KiMjnilrj' RnUlci. or TiniiUinx 


cafitings, Ar the dust produced is very objectionable, and 
injuriouK to the health of the workmoti, tlio machines are some- 
tiuies connected to a duct through which the alt is exhausted by 
a fan. The ditlicnlty has, however, been got over in a still more 
eh'oetive manner by causing the tumbler to revolve in a tank of 
water, Fig. 240, which circuJates freely through the perforations 
in the staves, wasbiug out the sand and dirt. This type of 
machine is supplied by Messrs. J. W. Jackman & Co., Ltd., of 
Manchester. Eor brass castings, the rattler ia constructed 
of hard wood, coarse sand and a small quantity of water being 
introduced with the castings. After the tumbling process, the 
castings are taken to the grinding machines, and gates. 
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[>rojeciiTig hiniiiH or rough places are reniove<! on ati emery 
wheel. Lai'gu aiul lieavy castings must i )0 deaiied hy hand, 
hainmeriug, scraping, and brushing with steet wire brushes being 
resorted to for the removal r>f the sand. Fins and risers are cut 
off with hammer and chisel^ the latter ' sometimes operated 
by compressed air. In roceut years, groat use has been niude 



Kim. jai- WatfiT Rattlur. 

of the sand blast process for ckaiiing castings, but the eijuip- 
ment is rather costly, and can only he adopted on a large scale. 

The sand adhering to iron castings is sometimes retuoveil, and 
the hard skin dissolved away, by chemical means to facilitate 
machining. This process, known as porA'/hit/, consists in immorsing 
the castings for a short period in a bath of dilute sulphuric acid, 
followed by washing in a stream of water. 




CHAPTER XXVir. 


» 

DEFECTS IN CASTlNOa AND THEIR REMEDY. 

Defects in Castin^e.’—The causen contributing to the pro<iuction 
of bwl casthige or “ wasters are of three kinds, and may l>e 
traced to defects in the (^lesign, In the mould, or in tlie metal. 
luHtancOH of faulty design have already been considered in 
connection with the effects of contraction, etc., in cooling, and it 
now remaine to note some of the common defects for which the 
moulder must be held rosponsibK The most frequent cause of 
trouble in this resficct is undoubtedly the presence of ** air or 
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gas in the mould and cores, the defects arising from which may 
be classified as (1) blowholes ; (t^) scabs; and (!i) honeycombing 
and sponginess. Blowhoten, Fig. 241, occur in the interior of a 
casting, generally in the upper part, and as a rule cannot be 
detected from the outside, or are not discovered until the outer 
skin has been machined off. Blowholes may be caused hy the 
sand being too wet, by low temperature of the metal, or by excess 
of sulphur, but it may be that the mould has been rammed 
harder than necessary, or has been imperfectly vented, no means 
of escape being afforded to the oonffned gases. A scab. Fig. 242, is 
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an irregular thickening or excrORceiice caused by the falling ia» or 
the eroBioii, oi a portion of the mould. When the met.al ib 
poured into the mould, gae may be dieengagod with each violence 



Fffi, 242.—isiAb ill (’iwling. 


ns to break up the Hand, which is then washed away, and the 
I'eauUing cavity filleil with metal. Sciibbiug mny also he caused 
hy the indoving metal washing away part of the mould as the 
result of placing gates and risers in the wrong position. Regarded 



Fjc. 24.1,—Himeyoombing in Cwiting. 


aa a lump which might easily be cut o0, the scab itself might not 
be a very serious defect, but it must not be forgotten that the sand 
which ^8 been displaced is contained somewhere in the oasting, 
which is almoftt invariably a waster is consequence. Honeys 
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eomhinfj or »ponginenA ifl an external defect consisting of a number 
of fluinll cavitiies in close proximity^ Fig. 243, which ueually come 
through and are apparent on the surface. It is caused by dirt or 
“ Bcarf ** held mechanically in auepensiou tn the molten m*etal and 
18 due to imperfect shimming in the ladle, or it may be, to poor 
metal. The impurities being lighter than the metal, rise to the 
upper part of the casting, often accompanied by babbles of gas if 
the venting has not been properly attended to. A skimming 
gate for interceiiting dirt is a useful precaution. Porosity which 
is rendered apparent by the slight leakage or “ sweating ” which 
sometimos occurs under hydraulic pressure, is due to other causes, 
aud is perhaps best avoided by adding low silicon pig to the 
mixture in the cupola. This acts as a “ hardener," closing the 
grain of the metal. In addition to the faults described, there 
are other defects, which may be attributed directly to the 
temperature of melting, to the method of pouring the metal into 
the moidd, or even to tbo nature of the metal itself. The 
advico generally given is to melt the iron very hot, but to pour it 
at a temperature having some relation to the nature of the work. 
For the production of thin castings, hot iron is a necessity, while 
for large and heavy work, it should be allowed to cool,down in the 
ladle to the recjuired teniperature. It is also desirable to get the 
metal into the mould as rapidly as possible, consistent with the 
strength of the mould itself. If the metal is jioured too slowly, 
tbei'e is considerable danger of a coW -a defect arising from 
partial solidification of the stream before the mould is properly 
filled. It a easting has to be machined on both lop and bottom 
faces, and has to be perfectly clean, it is necessary to pour with 
hot metal, whether the casting be large or small. 

Steel Castings.—The remarks made as to the causes tending 
to produce nnsoundness in iron castings apply with still greater 
force to ateeb The chief source of trouble in the manufacture of 
steel castings is the very high temperature required to produce 
fluidity, probably not less than 2700° F. It is by no means 
easy to obtain a material suitable for facing 'the moulds, which, 
although thoroughly refractory at this high temperature, is at the 
same time sufficiently porous to permit the escape of any g- , 
Tt has been shown that molten steel possessos the property ol 
occludtitff, or dissolving, many times its own bulk of gasj*which 
is evolved during cooling. The risk of blowbolee is thereioia 
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much greater with RtRnl than with iron, uiilens apeeial precautione 
are taken to facilitate the eacape of gas froni the mould. On 
acooiint of the high melting point, the coelhcietit of contraction 
for ateel, vi/., 0 2 to 0’25 inch per linear foot is nearly double 
that of cast iron. It is therefore neoesenry to adopt epocial 
methods for relieving contraction stresses as rapidly as possible 


> 
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during cooling, and for this reason moulds and cores tor steel 
r must be much mora compressible them those for iron, to per¬ 
mit the excessive shrinkage without “ pulling ” the casting. 
Difficulties due to unequal contraction nro perhaps the most 
serious with which the steel founder haa to contend, and it is not 
too much to say that in the majority of cases they can )»o 
altogether obviat^ or overcome by correct design. It is of the 
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(tmoBt importance that steal caBtingB should be UDifoim in 
hielfness^ elmrp corners being prohibited, ^nd instead, all 
unctions well rounded 
lilt. Only the eituplast 
shapes fibdtiUl be 
ido]>te<h thick 

FitceSr bosses, lugs, via,, 

Kbouid not bo added to 
5 ITI otlierwiso sinjple 
fnrin. In attimipting 
to take Jidvnntflge of 
the HU peril n-strongUi of 
stool, excessive iight- 
iioss must lie avoided, 

A feature ])tHiuliar to 
steo) castings is the Vm. Shrink-^ioh-'t ?n Ktocl 

of HtiKifl hi’avlivtn, Of 

fintffr f ihit at tilt! iuiiclion of two ytnrts at right angles, Fig, 244. 
I lore the coruor is longest iii cooling, nnd the sides in contracting 
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from it tend to induce a sl^rting point for fracture at x. To 
prevent this, the moulder cuts out thin webs at about A inches 
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Centres along t ie corner fillet. Thene wel^s cool first, and then 
serve to retain tjie sides in position during the process of solidifi¬ 
cation. The webs may be cut away after tbe casting has been 
annealed. Great care must be taken to avoid thick places in the 
interior of a casting, as for instance, in the hydraulic valve box. 
Fig. 245. Shi hik-kuha*' are certain to ha formed, as shown, 
where a thick mass of metal occurs and nh this will also form a 

path of least resistance 
along which occlnded 
gases endeavour to 
escape, })lowtioles are 
almost always found 
in the neighlxiurhood, 
often hmtking through 
into the interior. A 
Htiik h'tid *’ or riser 
must therefore bo 
phun^d in communica¬ 
tion with any part of 
a steel casting where 
shrinkttge is Liable to 
occur, J n this way, 
the interior can draw 
iiptm a fresh supply of 
metal as contraction 
proceeds, and at the 
same time the risei' 
acts as a path oE 
yifi. 247.- sifpi jri>r j'isinn oE escapo for any gases. 

Mjiiinc Kiijjiiiu. Molteu steel k not 

nearly so fiiiid as cast 
iron, and unlike cast iron, does not exi)and slightly on cooling. 
To oljtain a sharp impressioTi, it is desiiable to have a good 
head of metal in the riscuH, which should he made much 
larger than for cast'iron. These ]}aint9 are well brought out in 
tbe two examples given. Fig. 24fi shows a pump t with 

rieei'S placed directly over each junction where shrinkage is 
likely to occur, A still more strlkiog case is found in the pittfou 
for a marino engine. Fig. 247, A head, B, in the form of a ring 
IB cast round the outer circumference, communicating with a 
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nuiul>6T of rieera, A> ai intermediate points. The ring, is of 
eoiirso afterwarda removed iu the lathe. Steel castings generally 
lack the amoolbness of eurfaoe which is easily obtainable with 
cast iron. Tho intenae heat of molten steel renders it fiable to 
burn into (he sand, even when pure quartz or silica sand is used 
for facing. Moulds for steel must be thoroughly baked, to drive 
oft every trace of moisture* as the presence of steam will produce 
a rough or scabby surface, if nothing worse. It is of the utmost 
importance that all steel castings should be thoroughly annealed, 
to relieve internal stresses sot up as the result of the large amount 
of contraction during solit^ifloation. The annealing furnace is 
usually of the reverberatory type, fired with producer gas. A 
noumxidising or smoky flame is required to prevent the scaling 
which would otborwise occur. The castings are slowly heated 
up to, and maintained for about three days at, a temperature 
of ITOC^ F. The furnace is then luted up, and the castings 
allowed to cool as slowly as possible, the time extending over four 
or five days. The increase in ductility and toughnesu produced 
by anuealiug is very remarkable. 
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FOUNDRY MIXTURES, 

A SINGLE brand, or onn parlicular nnmbor of any brand o! iron 
is very rarely used alone for foundry pur^wBes. It is always 
found that tlio best results us regards botli strength and tough¬ 
ness are obtained by mixing a number of carefully selected brands, 
and the mixture varies with the thickness, si!!d, and intended 
purpose of the casting. For light ornamental work, strength is 
of no consideration, but it is esHontial that the metal should be 
extremely fluid, and capable of taking a sharp inipreBsion. Cast 
iron containing phosphorus, although weak and brittle, is very 
fluid when molten, and is therefore eminently suitable for the 
purpose named. On the other hand, for engine and machinery 
castings, streiigtli is usually the chief desideratum, and stronger 
and purer iron must employed. As a rule, it is not advisable to 
use a mixture of all pig, as a certain proportion of good scrap 
makes the castings both stronger and cleaner. If, however, 
very soft castings are re<juired for machining, a ini.\.titre of (say), 
two of pig and no scrap may he used, as it is. found 

re-melti^jg hardens the i,ron. On the other hand, engine 
cylinders, beiig Hubject to much wear, are specified to be cast of 
tough close-grtjned metal, as hard as can be worked. This k met 
by mixing pig iim one or more cold-blast brands, the latter 
having a poculiari^j^j^dg^jjjg ^ffuct, or it may be that a small pro¬ 
proportion of mottl.^ Qj, Qven white iron k added with the same 
object. Steel acrap umall quantity is sometimes added to pro¬ 
duce great toughness, hydraulic cylinders, etc .; 

but the expedient k lie^ig give trouble/ and the metal must 
be kept at a high temp cupola much longer than 

usual to effect thorough 

The result ol melting iroi cupola is to bring about some 
alteration in the proportion v certain of the elements present. 
On the average, there is a sUicon, and 
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.5 per cent, of the manganese, while sulphur may be increased 
IS much RS 50 per cent, by absorption from the coke fuel used iii 
ueltlng. Garboti and phosphorus remain practically un^^teved, 
Jilt there is a loss of iron, which, Ixiconuiig oxidised, passes 
in the slag, such loss amounting to ftoni } to ^ per cent, of 
he iiietatlio iron contained in the niktuio. Allowance must be 
uade for these changes in calculating the composition of the 
rhaige. The inllnence of the various elenieuts on the sti'cngth 
iml properties of twvst iron has already l>een noticed under the 
lead of pig iron. The injurious edect of sulplnir niiist be care- 
:ui]y gu!mle<l against, and at» ibis olomcnt cannot lie elinumtU^d, 
is necessary to commence with iron and coke as free from it as 
possible. Tlio next point of importance is to decide upon the 
profjor content of combined carbon,'which Is largely controlled 
Ijy the amount of silicon and manganese pi-esent. Castings coti- 
tiiining a large amount of gruphilic carbon are termed “ soft,” 
mid are easily intujbined. Jn this case the combined carUm 
sliould not exceed 0'2 per cent. With increase in combined carbon, 
the metal becomes harder, and up to a certain point stronger, 
^'he niaximmti teusilo strength is said to Ije reacluxl with 0'5 per 
jcnl., the greatest transverse strength with 0*7 per cent., and the 
uaximum strength in compression with not less tlian 1 jwv cent. 
)f coiiibineil carbon. In an ordinary pig iron containing 3*5 per 
:ont. of total carbon, with the other elements in normal pro- 
jortioiiB, tho combined carbon will aniouni to 0*5 per cent,, the 
.’eiiiaiuder, S per cent., l>eiug of course, graphitic. Ry varying 
;he content of silicon and manganese; the combined and the 
graphitic carbon may be made interchangeable witliiu certain 
limits. Less than 4 per cent, of silicon exercises a softening 
eilcct by causing the carl>on to take thegra]}hitiG form. Absence 
of silicon will cause the gi*iiator part of the carlton to take the 
combined form, or become “wliito,” but with about 3i per cent, 
dlicon present, alniDst tho whole of the carbon becomes graphitic. 
Manganese, on the other hand, changes graphitic carbon into 
M)mbiDed, thus increasing the strength and hardness. Sulphur 
dso changes graphitic to combined carbon, hardening the iron; 
mt to a certain extent manganese neutralises the effect of the 
lulphur, oombiniiig with it to form manganese sulphide which 
psBes off Id the slag. Manganese thus tends to soften high 
kilnhiir iron, and improves the metal by preventing blowholes. 
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Thu fttups to be taken to |>roducQ any doi^ired result may be 
Hummed up as follows;— 


1 Tu IiKTi'nM: Scren^h. 

To BtidiK'u Shrmlcii^r.. 

To Vreveul Blowhulefi. 

; Increase couihiiied car- 

Increase graph!to. 

Iticroase mangaueee. 

1 bon. 

Fiicreaso silicon. 

Iteiluce sulphur, 

1 Increase manganese, 

1 Itcilucc graphite, 
j Reduce hiIicoii. 

1 Reduce plioapliorus, 

L ncroiise phosphorus, 
Heduoo sulphur, 


Tbo Huitability of an iron for any particnUir purpose cannot be 
judged by the appearance of the fracture alone, and due regard 
must alwaya be given to chuinical composition, or analysis.** 
The perceninges of carbon, silicon, manganese, phosphorus, and 
sulphur, to give a desired result, are now knowtt within certain 
well-defined liniits, and in making up a mixture, the proportion 
of each of its contents should be calculated with Ibis object in 
view. Much, however, nvust lie left to judgment and experience, 
as several tactors do not admit of easy determination. 

It has been pointed out that the use of scrap lh beneficial, and 
in fact its employment is obviously a necessity. Even granting 
that tho analysis of a certain make of pig may lie relied 
on, it is quite impossible to ascertain by cheiulcal analysis 
or otherwise the exact composition of sci'ap, which may vary 
greatly with almost eveiy piece. On the authority' of kfr. E. L. 
Rhead, of Manche.ster University, good machinery scrap may be 
taken to contain on an average— 


Total carbon 

» 4 

. 2-0 

to n -0 

per cent. 

Silicon 


. 1-5 

20 

it 

Manganese 

• « 

. 0*2 

0-76 

n 

Phosphorus 

* ft 

. 0-2 

0-8 

if 

Sulphur 

• 4 

. 0‘()6 

„ 0-1 

it 


Cftlc^dation of MixtHren .—Some such approximation, together 
with the analysie of the pig, should prove a valuable aid to the 
founder in arriving at the required composition of the mixture. 
For example, suppose castings are required to contain 2 per cent. 
^■ilicoD|0'7 per cent, manganese, with more than 0*1 per ceui 
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An&lyBift of Iron Castings for Different PnrpoBOB. 
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sulphur, the mixture to be coniponed of 2 parts pig to 1 of Bcrapj 
the latter of known composition, not exceeding ilie limits Hpecihed 
for the castings. Correcting for the changes which occur during 
melting, Le., allowing for 10 per cent. Ices, the silicon content of 
the pig = x per cent, should be 



pig 

X 

lOU 


X 



scrap 

x^x 
^ 100 ^ 


100 ^“ 


castings. 
^ ^ lOO' 
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and X = 2*33 per cent. For cheeWnR the calculation it ie eon 
venient to employ tho “ cwfc.-imr cent.” method. ThuB, taking t 
charge of cwtH. compoKcd oE 2 partu pig and 1 part acrap, w 
ehould have 10 cwte. pig containing 2*33 per cent, eilicon = 
28*3 owt.’per cent., and 5 cwts. scrap containing 2*00 per cenf 
= 10 cwt.-per cent. Tlie silicon content of the mixture is there 
fore 38*8 ewt-per cent, -f-15 ewts. = 2 22 per cent. As th 
lose in melting = 10 per cent,, this will give 2*22 — 0*22 = 2 p£ 
cent* silicon in the castings, as required. Similar calcnlatior 
show that the manganese may bo increased to 0*66 per cent 
whilst the sniphnr content of the pig must not exceed 0'05 pt 
cent. SupiK)se the phoH]ihoriiB, which remains unaltered dmit 
melting, is not to exceed 1*2*^ per cent in the castings, whic 
may also be taken as the limit in the scrap, and that it 
proposed to obtain the required result by using a foundry p' 
containing 1*7 per cent, phosphorus, together with hematite co: 
taining 0*05 per cent, phosphorus. To determine the proportic 
of each, let x — quantity of pig, when 100 ^ x ■=. quantity 
hematite. Then 


piR 
^ 100 


+ hematite 


^ castings 
— ’ = 100 X 


and j; = 78 per cent., the hematite being, of course, 27 per ce: 
Testing now for silicon coTitent, if analysts hIiows the found 
pig to contain 2‘dl xior cent., and the hematite 2*14 per cer 
for the total pig in the mixture we have 


(78 X 2*41) + (27 X 2*14) 

^ ibo ‘ 


=: 2*33 per cent., 


which agrees well with the amount required, as'above. Similai 
for manganese, the foundry pig was found to contain 0*3 per cei 
and the hematite 0*87 per cent. Therefore for the total pig 

have 


^3^ 0*3J_X (27 X 0^) 


The content of manganese can be readily adjusted by the addit: 
of the necessary amomifc of ferro-raanganeso to the ladle bef 
casting. Silicon pig aiid ferro-siticon are used in the sa 
manner to regulate the silicon content, and thus gain comp- 
oontrol over the composition of The mi^Lturei 



Tha complete calculation for a lo charge wouia oe as iouuwh: 



added. 









CHAPTKR XXIX. 

AIDS TO HODLDINO.-PLATE AND MACHINE HOULDINQ. 

Oddstde Moulding.—This is a device resoi-ted to when a number 
of cftfltingB have to be made from an ;injointed pattern, in order 
to save time in malting the joint between the boxes separately for 
each mould. Working by the tarn>over method, the pattern is 
temporarily embedded in the top box to enable the face of the 
joint to be out at the proper depth. Tliis is known as the oddside, 
and on it the bottom box la rammed up. The top box is then 
knocked out, and rammed up on the bottom box to the proper 
degree of hardness. The trouble of making the temporary joint 
every time may, however, Iw avoided by ramming up the bottom 
boxes of all the moulds required from the same oddside, which 
should theu' be made of a permanent character. This may be 
effected by etiffening the sand with linseed oil, which hardens 
somewhat on exposure to air, but plaster of Paris, with the face 
varnished in the same way as a pattern, makes the best permanent 
oddside. 

Plate Houlding.—This follows as a natural development of odd- 
aide moulding. Wooden plates and patterns are sometimes used 
when the number of castings required is comparatively small. 
An example is given in Fig. 248, which shows the section 
of a stop rali-r, and its pattern mounted in halves, one 

on either side of the plate," great care being taken that the two 
halves coincide exactly. If the pattern has been made in halves 
in the ordinary way, it is only necessary to lengthen the dowel 
pins to allow them to project through holes in the plate when 
perfect coincidence is easily secured. The plate ie made to fit 
the moulding box pins, and to reduce wear, boles of the proper 
size are drilled through small metal plates secured to the board by 
wood screws. The plate is placed between the two parts of the 
box, and after ramming up the bottom box, the whole is turned 
over to complete the mould, the usual patterns for gate and runner 



AIDS TO MOULDING* 


86r 


lehig inserted in the top box. The core is made in a box shown ^ 
n Fig^ 249, and & section of the complete mould is seen in 
•’'iff. 250. The ohjeclion to wooden plates is their liability to 
/urp and twist, and for standard patterns, or where castings are 
requently rei]uii'cd in largo uuiuhers, both plate and pattern 
diould be made in metal. This is ^he method now generally 


fCasUngJ 



Fmj. 248.—I'latu iWltem for Slcaio HUijk Viilvp. 


adopted for gas and water fitlings, and for many of the small 
articles made in such large quantities in the brass foundry. An 
example is given in Pig. 251, which shows the plate pattern for a 
spray" of castings for the body of a small valve. The half 
patterns, which are of braes and carefully finished, are mounted 
symmetrically with respect to a central runner. The pattern for 
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\» entirely obviated. The great drawback is that the making ot 
plate patterns, even for " easy" eastinga, is a very expensive 
proce8S> as first-clasa workmen are reijuired to obtain th^ neces- 



Fig. 250 .—Complete Mewld for Steam Stop Valve. 


Bary degree of accuracy. For any but the simplest and shallowest 
patterns, the separation of the flask and the pattern plate, or 
**drawing*’ the pattern, as it is termed, if performed by hand, 
LrAnnirAu Anwn^ Qousiderahle degree of skill on the part of the 
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inoulder to prevent the pattern racking and breaking the edges 
jiiet as it loaves the sand. Mach time is spent in repairing 
moulds which have been damaged in this way, and it not 
Udfret^aently happens that a mould which has taken consider¬ 
able time and labour to produce has to be abandoned. It is 
true that steady pins are soinotimes scrowod into tlie bottom box 
bo assist in obtaining a vertical lift, but from this a step further 
leads to the employment of mecliaiiism by means of whicli a 
|K>sitive and certain result may bo ensured. 



Fio. 2^1.—i'lHle Mould for S]>rfty of for Kmnll ValTe. 


MAohine Moulding. —The original puri^K)Be of the moulding 
machine was to enable the pattern to be drawn from the Ban<? 
without risk of damage bo the mould. At first, ramming woi 
performed by hand as usual, but it soon became evident tha 
some form of hand press, operated by a lever, could be appliei 
for the same purpose. Hence moulding macUtnes may now L 
classed under three heads ; (1) maohjues which draw th 
patterns only) ramming being accomplished by the usual ban' 
methods ; (2) machines which are sometimes called squeezers 
which perform the ramming only, leaving the pattern to I 
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Irawii by liand ; and* (d) iiiachineB which 1x)tU raiu the mouldn 
'Dll draw tho patfcdTnB, tho rauimiug being eflbcted either by 
lover, or flui<l preesiire on a pinton. Of tho firet claeR of 
^lAchine in which raimniug in done entirely by hand, there are 
{brce distinct types depending upon the inetUnd employed for 
removing the boxOH from the pattern plate. This may be 



Fici. 2r>2.—I’lftJc Saltern for 8pray of CaKLjng» for Small Valre. 

ejected (a) by a niechnnical lifting device for raising the boxi . 
(/j) by means of a “turn-over” table, and (r) by means of a 
“ stripping plate."* A ^ijaf^Uftiug wa<:hinp of the first type, as 
shown in Fig. 258, ia suitable for small and light work. The 
moulding boxes are interchangeable, and by means of their piuH . 
come into register with the pattern plate, which is fixed u]}on the 
table of the maebiue. After the mould has been rammed by 
hand in the usual way, the box is lifted by four rods or stools,'* 
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'wbich pasB up through the table» and ^hich are fixed in a 
movable frame capable of being raised by a foot lever. The 
machiues are usually worked in pairs, for dealing with top and 
bottom boxes respectively. This simple machine is suitable for 
objects of no great thickness, but for deep moulding the tuni-orer 
f»hle tiiai-hhu% b’ig. ‘254, has some advantages. The pattern 
plates for top and bottom boxes are secured upon opposite sides 

of the turn-over table, 
which can be rotated on 
trunnions through 180®, 
locking catches and 
clamping screws being 
pi'ovided to retain it in a 
truly horiaontal position. 
A moulding box is placed 
in correct position over 
the pattern plate by 
means of centering pios, 
and is clamped or cottered 
to tlie upper side of the 
tarn-over table. It is 
then rammed by band, 
and the sand strickletl 
off. The torn-over table 
i.s undamped, rotated 
through half a revolution, 
and again fixed, the box 
now being on the under¬ 
side. By means of a rack 


I 

FlQ. XSS.'—Moutiin^ Madiiue of 
liCtirj;; 'iViJC- 

spur gearing, the lifting 
table is raised to come in dose contact with the box. The lifting 
table is provided with a drawing out table, or with a small carriage 
running on rails, which can be pulled out horizontally. It is upon 
the drawing out table that the box is made to bear, and in this 
position the damps or cotters holding the box may be released, 
leaving the mould to be drawn from the pattern by towering the 
lifting table until quite clear. The mould is then withdrawn 
from the back of the machine on the drawing out table or 


and pinion motion opera¬ 
ted by hand wheel through 
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'lirringe^ and ia removed by a labourer. The moulding of the 
)ottom box, the pattern plute for which is now on the upper side 
if the iurtt^over table, is then proceeded with just as before, 
'he same method of working is carried out in a mueh*more 
tiieclmnical manner in the J*rithtwre t'ork-mer tlrop maahine^ 
Tig. "255, BuppUod by Messrs. J. W. Jackman & Co., Limited, o! 
Manchester, 'i'bo machine is shown en'gaged in moulding the body 
r)f a steam 8tr>p valve. In the position (a) the lM>ttom box has been 
ramuiecl up by hand as usual, and clantped to the rock-over 
traine, wbicli gives the motion correBpimding to the iuni-over 





Kio. 2&4. -MouliliiiK Mnchiiic of Turii-ovur Twblt^ Tyj«'. 

table in the last example. The weight of the box and mould is 
H\)p| orted by two counterbalance aprings, a aecondpair of springs 
beii g provided to facilitate the operation of rocking over. Both 
Hctu of springs are readily adjustable to suit the work in liaud. 
The clamping frame is fitted witii adjusting screws to take boxes 
of varying depth. Poeition (b) shows the frame rocked over, 
which has the effect of inverting the mould, the latter just coming 
to rest on adjustable stops on the drop frame. On releasing the 
clamping rod, the mould may be dropped away from the pattern 
by allowing the frame to elide down two vertical rods or guides 
under the action of a lever, position (c). The pattern is then 
rocked back into the original position, and the box raised ready 
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to be reittovod by a labourer, as Been in position (d). The metbc 
just descril)e<l, although well adapted for t1at,Hhallow work, dor 




Kro. ‘‘lt(K;k.-ov<;T Moulding UaeliiiK!. 

{«) linttom miniaed ap, nn^ clampeil to rv^k-oret fi-itme. 
lb) Kiamu niekorl over, lAvorting mould. 

lend themselves so readily to deep patterns with vertical s: 
especially if the intervening portions of sand iurmiiig the m 
should be very thin. 
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When drawing the pattern, the moulder ndopta the plan of 
" nipping ” the turn-over table with a wooden mallet, to over- 



Kfo. Vriilniqre “Rock*«vcr Prop” JCouUitig Hachluc. 
(cr) UuuUl (lmiipo<1 from pattern. 

(rf) Frame rockoJ l)ftck> and monld ready to 1» liftol off. 


come the adheeion of the sand to the pattern. This rapping, if 
vigorouBly performed, may cause the impression in the mould, 
and therefore the casting, to be appreciably larger than the 
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pattern. To overcome this defect^ the stripping plate method 
of drawing patterns was nitrodaced, the principle of w'hich is 
shown in i’ig. 256, Tn preparing the plate pattern, the pattern 
parts are raised from the plate liy un amount equal to the 
thickness of the Htrtp[>ing plate. A hole of the exact shape of 



the outline of the pattern at the joint surface is accurately 
through the stripping plate either by machinery or by filin, 
When the stripping plato has been placed in position upon tl 
pattern plate, as at (a), the mould may be rammed up exactly i 
upon the ordinary pattern plate fret described, but it will I 
seen that when drawing the pattern, as shown at (6), tl 
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fifcrippinff plai^ remainB behind, supporting the Band right np 
to the joint surface, thus preventing the poeeibiiitj of breaking 
down or tearing the mould. The pattern need not he ^rapped 
at all, and as delivery takes place in a perfectly straight 
line, the mould is exactly “pattern siae.” The Prithtmre 
Shippintt-platr suppUed by* Messre. Jackman, of Man¬ 

chester, is a good GXAinplo o! this class. Two forms are shown 
iu external elevation in Fig. 257. The base or pedestal of the 
machine takes the form of a frame open at the top, which 
may ho of circular or other shape l^cst suited to the work. 
Upon this is fixed the stripping plate, wliich is provided with 
pins to locate the moulding Imes in proper 2 X)HitIon« Ineido 
the pedestal or stand is the drawing frame, which moves in 
vertical guides, and may l )0 lowered by crank and connecting 
rod motion, operated by hand lever. The patteru plate is screwed 
down upon the drawing frame, which, for ramming, may be 
locked in the position shown. It will fre(iueutly happen that a 
mass of sand in the interior of the mould cannot well be carried 
on tho etrippiug plate. One or more stools, or vertical pillars, 
placed where required, may then be employed to assist in sup¬ 
porting the sand, Fig. 256, c. They are secured to the stool 
plate, wliich forms part of, or is aitaclied t>, the frame of the 
machine, a space being left at each side through which the slides 
of tho drawing frame can poas. The action of the stripping 
plate and stool will be seen from the second figure, which shows 
the pattern plate dropped clear of the mould. The stripping 
plate method is particularly saitabJe for spur wheels and for 
pulleys or other articles to be cast without “ strip,*’ ue., with 
perfectly vertical sides. It is true that considerable expense 
may be incurred 'in the preparation of stripping plates by 
machining out of solid, and however fine the joint between 
pattern and stripping plate, sand finds its way in, causing more 
or loss rapid wear and deterioration. In tlie majority of cases, 
however, the stripping plate may be cast with an opening 
approximately following* the actual shape of the pattern, and 
about j inch clear all round.' After planing the surfaces of the 
stripping plate, it is adjusted in position on the pattern plate, 
and the apace filled in with white metal (see Fig. 256, c), which 
forms an accurate fit, easily renewable by re-melting when any 
appreciable wear of the edges has taken place. Power rammingi 

SB 9 
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FlO. 2.>7.“»rrWmaTe Stripping Plate Moulding ^rachino 
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i 

jictuated by hand lever, compresaed air, or hydraulic presiure, 
may be usetl alone or comliinod with the pnttorn-drawinf; device 
cd one of t ]]0 throe typos of machine juRt described. A welU 





Fl(l. 2~)S, -Ktirwell Hsvuil Prtiw MoiiUliag Miwliino* 

* 

known example of hantl pre?s nmHldinff itiaMni, or “ squeesser,’* is 
the Fiu-well, Fig. 2r?«, made by the Adams Company, of Dubuque, 
U.8.A. The ordinary form of plate pattern with piirts on both 
sides of tlie plate is generally used with this machine, the pattern 
being set between the tw*o boxes, which are placed on the table 
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of the machine, Iwttom hox upwarih Sifted tiaud ie then filled 
in, and tlie bottom board placed b(]imraly upon the mould. The 
bottom hoard is ^ inch smaller each way tlian the inside of 
the box, so that it may enter the box when the sand is compressed. 
The boxes are now turned over, the top box filled with sand, and 
the presser board (which is of the same size as the bottom 
board) placed in position, ^I'he presserhead is carried on adjust¬ 
able side rods, and cun be swung back out of the w'ay when 
filling the boxes. It is operated by a lever meclianisn), one 
movement of whicli In-ings bbepresser head forward immediately 



\ 


Fio. 359.—PfVHKtT FK'nil [^FK'hani^ni of Fiirwt'll )louU2m^ Mudiinc. 


over the box, and then pulls it down to apply the pressure to 
the mould, the final squeeze being administered u-i/A the hand 
lever in a horuontal This is an important feature, 

as the operator is enabled to utilise his weight to full advantage 
with Uie least possible muscular exertion. The action of the 
presser head mechanism is shown in the three positions of 
Fig. 259. in the example shown, lifting ia done by hand when 
aeparating the monld, but the Farwell machine may be fitted 
with a lifting device, or may be used with a stripping plate if 
required. Such machines are well adapted for thin work, and arc 
much lower in first cost than those actuated by fluid pressure. 










Tic. SCO—Float and Daclt Views of Tabor rneumaiic Moiildinj? ^loHanc, 
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For lar^'or und boaviur wuilt, iiuwlMiieMopernteil by compressed 
air or bydraiilic prcH>rure are to l>e preferred. One of the most' 
successful of tbe f ju'itmatw uuiehitfru is tbrtt of the Tabor Coin* 
pany, of Philadelphia, U.S.A., supplied by Messrs. Jackmans, Ltd., 



Fra. ^cdidti of Tabor rneiuuAlto Moulding hfAclune. 


of ftfauchester, of which two external views and a section are given 
in Figs- 2fS0 and 261 respectively. Tlie squeezitig piston, to the 
top of which the ramming head, 7, in attached, works with an air 
pressure of from 60 to 80 lbs, per square inch. A pressure gauge, 
89, registei's the pressure applied, so that when once the correct 
pressure I>f any particular mould has been determined, uniform 
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denuity of ramming may be etiKiired. Tho Htjueo^ing piston (Fig. 
2C1) contains the smaller or patteni-drawiiig cyliiuler, and being 
bollow, forms an oil tank, which in kept full of thin hydraulic oil. 
The height of the yoke or presaer hoacl,3H, is adjustable fdr daska 
of different depths by means of ratchet tecthp Sli, in the strain bars 
8*2 (see also Fig. 2ni). The yoke, Wi^g too cumbrous and heavy to 
be moved by hand, is swung backwards and forwards as required 
by power, for which purpose an air cylinder controlled from the 
valve stand is provided. Various methods of mounting patterns 
may be adopted with the Tabor machine, but an important feature 
is the use of tij^oiver^flrircn rihrcUor', 18,applied directly to the plate 
carrying the patterns, which are thus vibrated independently of 
the other parts of the machine. The vibrator, show n in section in 



Fig. 2(12, consists simply of a long double-acting pi^iton, having 
a stroke of about inch, -working automatically in a valvelesB 
cylinder, upon hardened anvils at each end of which blows are 
delivered at the • rate of 5,000 per minute, In order to com- 
muuicate these extremely rapid, yet small, vibrations to the 
pattern without at the same time transmitting them to the rest 
of the machine, the pneumatic vibrator is bolted direct to a frame* 
called the vibrator frame, seen at 4, in Fig, 2(50, and shown 
separately in detail at*Fig. 263. To this frame the pattern plate, 1, 
is fastened by four screws,.the tapped holes for which are shown 
in the corners. The-vibrator frame itself is secured to the 
machine structure by four large bolts, which pass through 
thick bushings in the inner corners. The bushings are suffi¬ 
ciently elastic to absorb the vibrations of the frame and 
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pattern, whilst at the snine lime they are well iitted and linn 
enough to h )ld tlie puttern accurately toite poeitiuu. The action 
of the vii>t*At(n' may l>6 compared to ati exceedingly violent ehiver 
over the whole eiirface of the pattern^ making it iitipoesible for 
any sand to adhere^ iiiid yet the patleL'n is so little disturbed from 
Us original positiott that it is impracticable to draw it a second 
time without rapping. A gas burner, 15, is provided on the 
stool plate, 5, to warm the ^^ttern if necessary should the sand 
show signs of sticking. 'I'o operate the machine, a half flask is 
put in pusitioti over the pms in the flask frame, 2, parting sand 
shaken on the putlcrn, and the flask hlled with sand. The yoke 







is then moved forward, and pressure applied to the mould hy 
pressing dosvtk the operating lever, 27, thus opening the throttle 
valve and admitting compressed air to the S(|ueozing cylinder 
until the gauge indicates that the correct pressure has l> 06 ii 
reached. On releasing the valve lover, the squeezing piston and 
parts connected to it resume their normal position, and the 
yoke may be inove<l hack. The pattern is drawn by raising the* 
operating lever, thereby admitting compressed air to the oil tank, 
and forcing the oil through a nipple near the bottom of the 
pattern-drawing cylinder. The nipple almost touches the piston, 
thus admiUing the oil slowly until the end of the piston uncovers 
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the nipple, when a full oi)ening h lu^intainecl until the end of 
the upward etroke. This gives a kIow draw until the mould ie 
clear of the paUern, followed by a rapid lift for the remainder of 
the stroke. When the operating lever ia l aised to draw the pattern 
it also starts the pneuniivtiu vibrator, to loosen the pattern in the 
sand while the mould is being lifted. ^ When the drawing piston 
hegioB its downward sti'oke, tlie cheek valve opens, permitting 
ft quick roturn. The nipple, when it is reached by the piston, 
partly hIiuIs off the How of tJie oil, giving a cushioning effect at 
the end of the ati^ke, and the possibility of shock at the encl 
of the draw is eliminated by buffer springs on the Husk frame 
stops, 10. A supply of coniprosaod air, 86, is available for blowing 
off any sand from the pattern after it has )>een drawn. 

JioHvHUuii and lOmvt rai/s Syttlf'tn of Mouldhitf ,—An example 
ol a machine operated by hydraulic pressure inny now be referred 
to, including some description of a novel system of moulding 
developed by Messrs. Eonvillain and lionceray of Taris, and 
introduced into this country in mucli-itnproved form by 
Messrs. Greenwood and Batley, Lhl., of Ijccds. Tho expense 
of metal patterns and stripping plates has always proved a 
great obstacle to the extemled use of machine moulding, and 
has only been warranted when several hundreds, or even 
thousands, of a given article were to lie produced. On the Bon- 
villain Hystem, the preparation of pattern plates has been so 
much simplilied and cheapened that the method cun be profitably 
adopted when the number of castings required does not exceed 
'roni 50 to 100. The employment of white-melal and plaster 
in place of brass or iron, enables the moulder to manu¬ 
facture Ilia own plate patterns and stripping plates on this 
system without eplliug in the assistance of the fittiug shop. 
Three ditferent methods of procedure are employed iu carrying 
this idea into effect 

fl) The reversible pattern plate, with or without stripping 
plate. 

(2) The double patte^ plate, with or without stripping plate, 

(8) The reversible “cliche** process. 

In the preparation of a pattern by the first method, two exactly 
similar boxes are required. Taking, for example, a sintple 
article auoh as Fig. 264, this is moulded from an ordinary 
wood pattern in such a manner that the parting coincides with 
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the line ah. After lifting off the top boi and drawing the pattern 
the two boxes are laid side by side in exact position and clamped 

to 'qo 



together (c). A reotangular frame of the proper size to fit over 
both boxes is placed upon them^ and is filled up level with 


Fjc. ^e4,—BoDTillqin System of MonHing.—ReverBible PAtlerTi Plater 
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plaster (J). This, when set, may be removed bodily with the 
Tramo, and constitutee the reversible pattern (c), from which 
both top and bottom boxes are moulded. Thus, in the raeiitier 
Khtnvn in (/) and (fr), two exactly similar impi'esKions are taken, 
one of which <.f) becotnes tlie bottom box and the other [r/) 
the top l>ox. These, when placed Uigether, give the complete 
mould (//). Id this way, one pattern plate witfiont any change 
whatever serves to jiroduco a complete inouhl on one machine. 
Farther, it will be secn.that when two half monlds are rammed. 
[ 01 ) the eame pattern plato, and are placed one above the other 
so tluit tlieir axee coincide, bpt revernod relatively to each other, 
the nuini)Br of castings obtained will be twico tliG na)nl>6r of 
jiatteriiH employed. Ti)is moans a great increase in production 
I wilh very little increase in cost, either of plant or labour, 

If moro thikti lOO cafithign of the same pattern are required, it 
is advisable to nso a metal pattern plate which U easily produced 
by the following- procoss, 1^’ig. 265 : From a plaster patteni 
plate, obtained exactly ns just (leHcril>e(l, two half moulds are 
rammed up in sand. One of these is carefully sleeked and 
smoothed over, and from the oilier a thin layer of sand is removed, 
as sliowu in dotted lines, following the form of the surface 
ua nearly as posaible, tiltliough it is by no means necessary to pre¬ 
serve an absolutely uniform thickness in. all ^mris. The two half 
nionlds are now put together, and the space between them filled 
by ^xjuring in a special white metal alloy, which docs not contract 
to any appi'eciable extent on cooling. In this way, a hollow 
metal patlorn is obtained, which is placed in a suitable coat iron 
frame, and Uie latter filled up level with plaster. The method of 
producing stripping plates on the Uonvillrtin system is very 
ingenious. A reversible pattern plate in plaster is prepiured as 
already described, and from this two half moulds are rammed 
up in sand. Before, however, proceeding to ram up the second 
half mould, a sheet of soft indiarubber ia placed upon the plaster 
pattern. The rubber varies in thickness from ^ to | inch, 
according to the size of the mould, and it is of a quality which 
readily adapts itself to the shape of the pattern. When the box 
has been rammed, the rubber sheeting ia removed, leaving a 
hollow space In the completed mould, which is filled with white 
metal alloy. It may now be said that a hollow pattern has been 
obtained in combination with its stripping plate* and it only 




Fig, aGj.^BoiiTillain of MonMing.^Proiliictioii of Metal VUtw I'attem. 
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remains to separate one froin the other. It will be noticed from 
Fig. 2110 that at certain points^ a, the Ihickness may he vedueed 
by flcraping away the corner, when by means of a sharj) knife 
Die pattoru, 1, may be severed from the strippiiif; plate, 2, by 
cutting along tlio lino A, shown in plan. An example is 
given iti Fig. 207, which I'epresenls.Lhe rovcrsilde pathn'n plate 
and stripping plate for a half bearing, and showa Die spray ol 
(‘UKtings prodtieed. Six half bearings appear on the pattern 
plato, but by the '* reyers- 
ible"' arrangement, twelve 
are obtained in the filial ^ 
casting. A great advantage 
of this method is that the 
|i*ittcrnand stripping plates 
are not confined to Hat, or 
iiearlyHat joints, but on the 
other hand, the parting 
may follow any convenient 
direction whatever, and in 
the case of intricate work, 
two or more stripping 
plates may lie used with 
one pattern plate. The 
double pattern plate ])ro* 
cess is employed for very 
deep or hollow castings. 

The pattern plates aro made 
by H copying scheme simi* 
lar to that used for the 
reversible plates, except 
that one part of the pattern is placed on one plate, and the 
other part on another, corresponding to the top and bottom Iwxee 
respectively. This involves the use of two moulding machines, 
one for each of the pattern plates, the two boxes being afterwards 
assembled on the foundry floor. An example of floMf pattern 
platen is shown in Figs. 268 and 269. Fig. 268 is the plaster 
mould prepared for the construction of the pattern plate foi 
one side.of a four'Oylinder peti'Ol motor crank-case. Fig. 269 
shows the double pattern plate for the other side of the casing, 
with stripping plate and loose pieces separated from pattern 



KlG. sns. • Methclil of producing Strippiut^ 
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And ^'p^A7 uf [ihNliiixHl. 
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Fig. 270 stiowa the same pattern mth Btnp]>ing plate and loose 
pieces m position, the projectin^^ lugs of the stripping plate by 
moans of which it is lifted in the machine heiiig clearly visible. 
Tlie r/iV/irt procesH has l>een derived from the rsversiblo plate 
process, and has the same general features, ii is especially 
uReful for small, flat articles which have to bu produced in very 
large (luantifcy. The ‘‘cliches” are small reversible pattern 
plates of white metal, each produced in precisely the same W'ay 
iis the larger reversible plates. They are all of exactly the sntne 



i'lU. tiSS.—Double I'atltfta J'lale aufi I'iuccA cif l'(‘irol 

Crank Cnaf. 

size and thicknesfl, and are arranged to slide side hy side in a 
special frame, called the cliche table, in whicli tliey ave secured 
by clamping screws, as seen in Fig. 271. The whole, on being 
assembled, forms one complete pattern plate, the two sides of 
which, being exactly alike, may be moulded on one machine. 
On the left of Fig. 272 is shown a “ spray of small bracket 
castingB, with the sectional reversible cliche plate from which 
they were moulded on the rigliL One hundred and sixty of these 
castings were produced per hour hy au unskilled man on a band 
lever moulding machine. For the smaller and lighter work, a 
hand lever moulding machine, Fig. 278, is use<l in connection 
H.I. 0 0 
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J'iu. 27U.—DjubiO ralteni llato /or i’rATik Case oC I'otrol Motor. 



Kio. 271 BonrHlftin Sjttem ol MouMinf. The Clioh^ Proccaa, 



MACHINE MOULDING, 887 

with this BjBtom. The pattern plate ia {\)iGd upon tho table of 
the machine, and upon tlie plate the ftask ia placed and filled 
with Band in the neual way. The raiuniing ia ilouehy a numniiig 
board carried on a swinging prosHor-head above the table, and 
actuated by a hand lever through a toggle motion wliich gives a 
heavy pressure just at the bottom of»the Btroho, The stripping 
cylinder is fixud below the table, and to the ram is attached the 
stripping table, which carries four adjustable rods engaging 
with lugs on the siri^^ping plate. Tlio ram is actuated by oil 



Klc. 272.— I{cv{'r.sib1ti ('liciu' Hafe ftn4 S]irsi^y of flrncKct 

forced into the cylinder by a small hand-pressure pump, the 
plimgcr of which is provided with a pedal head. On the com¬ 
pletion of ramming, the moulder releases the hand lever, when 
the rauiming-heod rises and swings back into its angular 
position under the action of two helical springs. The pump 
plunger is then pressed down, forcing the oil into the stripping 
cylinder. This raises lihe ram and with it the stri]>ping plate, 
which carries the flask with it, and strips the patterti. In the 
figure, the stripping plate has just been llftetl, and with the 
flask has been removed to show the rods more clearly. When 
the pressure upon the plunger is released, the stripping rnm 
and stripping plate descend, ready for another Hask to he 

0 0 2 
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placed in position, and the operation is repeated. For larger 
inacbineSf Messrs. Bonvillain and Ronceray have adopted 
hytlranjio in preference to pneumatic presaure, on account of 
the perfectly steady movement obtained either in ramming or 
in pattern drawing, the absolute control over the total preaaure 



> 10 . i{4l{.-.-nonvilJaiu iiniiil Ijovcr AIouIUIm^' Uaclilim. 

applied, the small diameter of ihe rams, and the small amount 
of power required to work the machines. Messrs. Greenwood 
and Batley state that 8 ll.K is sufficient to work six moulding 
machines, and that this is about six . times less than that re¬ 
quired for compreesed air doino eamo wririr Tfc im olaA 
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dtiin^od that the first cost anil nmiiitQiiiiiioe of a hydraulic plant 
will comptire favourahly with that for eo?3ii»ressGil air. 'i’he 
I'ulremd MoMhuj Mufhine, Fi^. ii7i, is provided with a 
hydraulic power hood, a, which swings in aiul out of position 
ujion a hollow cohimu, /, attached lo the side of llio table, e. 



The head swings on hall bearings, to give an easy movement, 
and when the pattern plate is being set or tlie llask fitled, the head 
is Bwnng oot of the way behind the machine. To'avoid bending 
stress on the column, a hook, h, at the front end of the arm 
etigages in a slot in the table when the hea<l is brought hack 
into position for ramming. In the centre of the arm is formed 
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the raiiimitig cylinder, h, in which work;; the rtim coiniectod to 
theTniniDin^r pluU, d. Tej give ii ready ii<1jusLniet)t of the dishiuoe 
behyeen ramming' plato and paLtarn plate, and thus aecoininodiite 
nioulding boxes of varyiiig depth, tlic power rani is fitted with 
an arrangement of double screw and band wheel, shown in 
detail in Fig. The stroke of the ratn need not, therefore, exceed 
from to ^ inches, no matter what the sir.o of the flask may be, 
and tiuj quantity of water coiiKumed is coiiswpteiitly very small, 
amounting to not more than 4 pints for a .flask 16 inches square. 
The working pn^ssiire of 7o0 lbs. per square inch is admitted to 
the ram by a vidve, w, and baud teray,», on one side of the awing* 
ing hea<h pressure and exhaust passing from the main valve, n, 

fixed to the liaaeof the 
machine, through an¬ 
nular pipes contained 
in the hollow column. 
After ramming, the 
jMjwer ram is returned 
to its original position 
by a constant pressure 
])iston fixed to a tail- 
rod on the ram and 
woricing in a small 
cylinder, c, attached 
directly to tlie top of 
the main cylinder. 
The pressure and ex¬ 
haust pipes,—the for¬ 
mer placed inside the 
latter,—lead down to a stop valve, o, situated at the back of the 
machine for controlling the supply to l>oth ramining and stripjnng 
cylinders. The stop valve is arranged in the same casing as the 
control valve for the stripping cylinder, and the latter is operated 
by a foot pedal, q, in front of the machine to allow of the 
workman having both hands free while stripping is in progress. 
The pedal returns to the off position under the action of a 
spring when released, so that the ram commences its downward 
stroke white the flask is being removed, no time being lost. A 
screw stop, s, is fitted to keep the ram at the top of its stroke 
when necessary. The stri^iping action is performed by an oil 





Fic. 275.—BonvillMiii Mimliling MacUiac. 
Adju^Urif? .Sciw. 



machine moulding. 

^ Axed ia the Imse of the niachlue, exactly as described 
for the hand lever machine. The stripping table, aliacljed to 





Fxa. 376.—ilydr»uliu Moulding Machine. 

the ram is provided with stool brackets, p, carrying adjustable 
etoole, t', for engaging under the stripping plate. The stripping 
ram is made adjustable in its stroke by suitable rods and nuts, r, 
to give an exact movement to the stripping plate in accordance 






Pig. 277.—BonviUam Moulding Machme PjG. 378.—BonriMain lUouldiDg Macliioe Fic. 270.—HooTillain Moulding Machine, 

without Fattem Plate and i'laak. After Sammiag. with I'oner Head Swung to Bear. 
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'th the pattern. la order to Iiudlitate work with these machines, 
uwiuging sand-filler (Fig. 274>) is usually fitted. This cousist&pf 
piece of hoop iron bent to the shape of the flask and arranged to 
;inff on the vertical column of the machine. The filler Uinade 
such a depth that when in position over the dask, it forms n 
luge indicating the amount 
If sand to be filled into the 
fisk before ramming. After 
Ding in sand level with the 
»p of the filler, the ramming 
ihte may then be brought 
Uvn inside it, the filler being 
lung back out of the way 
hen ramming is comjdeted. 
lie font pedal is then pressed 
iwn, stripping the pattern 
id leaving the finished mould 
' be lifted off. Tlie machine 
shown in Fig. 277 without 
lUera plate and fiask, in 
ig. 278 with flask and sand¬ 
ier in position after ramining 
completed, and in Fig. 27fi 
ith the ix>wer head swung 
kund to the rear, the strip- 
ng plate raised ready for 
fting off fiaak. Fig. 276 also 
lows the double ramming 
jvice^ for use where deep 
n*es and recesses, are to be 
ade in greensand. This Is 
>erated by afootpedal located 
front of the machiue, which 
igages in a socket and gives 
hen necessary an ad4itional pressure from below to certain 
iria of a mould while still qnder pressure from the top, as, for 
stance, in the case of deep core boles. The upward pressure is 
inited as to stroke by means of a stop which engages the 
ripping ram pedal. It is often posaible in this way to form 
16 cores at the same time as the rest of the mould, the trouble 



Fjq. 280.-- tloiivillaiii Moulding Machine, 
will) IhHible llammiug Hovice. 
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of cnre-UKiking lioing avoided, jmrl the poflsibililry of any move- 
mijrit ])revonleih I’lio arrangemeiifc iti hIiovvii in Fig, 1?80, wliicl 
is a Beciion Ihroujj}] tlio lower pdit oi the machine. The |)atterr 
plate testa directly upon the Uhlo of the machine, and in thiF 
ciiHo the patloru has no core-printa, bubiH an exact copy of tin 
article to ho luonlded, Thja flaisk rests directly upon the paltert: 
plate SB usual, and the long thin cores, ^ inch diauieler unci 
3 iiichoH long, are formed in tho liolos in the boHses, as shown. > 
plate, adjustable aa to Jicight, is caiTied on tho top of Uu 
stripping ram independently of the Stripping plate already 
described. In this plate, plungers or stools of the exact sikc 
tho holes to be cored out are fixed, and are made of Kuch r 
leiigth that a slight compression of the saud foriiiing the 
core takes place before the stools come in contact with tho 
stripping plate. Aa the motion continues, the pattern is stripped 
as usual, but the rods supporting the cores uioye at exactly the 
same rate, passing completely through the holes in the pattern 
until the sand is lifted qiiite clear. 

Difflculties in Machine Moulding.—It may bo said that tlat- 
flhaped patterns of no great depth, or even deep, patterns with 
well-rounded or sloping sides, can be dealt with quite easily by 
almost any type of machine. Patteriia of irregular shape, witli 
some parts deeper than others, give rise to some difficulty. With 
machine ramming, Uio saud is always denser near the presser 
bead than it is in the immediate neighbmirhof^d of the pattern, 
although, as a rule, tho reverse should be tho caso. Hence liand 
ramming is Bometimes resorted to for tlio low er part of the mould, 
the bulk of the sand being afterwards put in by the machine. A 
device termed a “ contour-head ” is often used with the same 
object. For ordinary work, the presser-head is left flat on the 
underside, but when dealing with deep or uneven shapes, a block 
of woodj^the contour-bead,—roughly carved to follow the out¬ 
line of the pattern, is employed to effect a uniform distribution 
oi pressure upon the sand. Again, objects with parts pro* 
jecting out laterally are difficult to mould by machine, and if 
cores are not used, these parts must be rammed by hand. Very 
deep and intricate moulds, or moulds having perpendicular 
aides, retjuire Bpeciul precautions vvith almost all machines of 
the types already described. This has led to the introduction 
ol the **joU or ** jar-ramming ” machine, which, although 
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f ich a Btnking innovftUon, liaa achieved a reuiarkable eitccese, 
ho principle upon which the iiiacliino is couetriictod is ahowu 
n Figs- 2S1 and 282. Tlio table, a, upon which the pattern 
ind mould are placed, i& subjected to a rapid shaking action, 



which in a whort time causea the Band to "puck" very densely, 
jind no raniming, in the ordinary sense of the term, is required. 
The jarring table is lifted by compressed air at a presguro of 



Fio. i62.—Tftbor Jar>ramxDiag'* I^Aukllng Machine, 


about 80 lbs. per square inch, and is then allowed*to fall upon an 
anvil, &, the height of drop varying from 1 to 5 inches, according 
to the weight of the mould. The rate of working is about 120 
**jarB" per minute, and it is found that after some 15 or 40 jars have 
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Iwen given, mi further increase in density can be obtained. The 
action ts rendered automatic, as will be seen from the figure, by 
permitting tlie ram, r, attached to the jarring table to overrun 
tlie oxhauat port,when the supply of air at d is cut off, and the 
full ti^kes place, a blow being delivered upon the anvil which 
forms the base of the machine. At tho bottom of the stroke the 
min again closes the eiibaueb port, air is re-admitted, and tho 
action repeated. It was soon found that if an actual blow be deli* 
vored, damage to the macliine would speedily result, and the noise 
and vibration might prove to be a niii!jauuctol[ieneighboui‘hr)o<l. 



FJO. 283.—l^ectioii Df Tabor ^^nch^uc. 


An important step was to recognise that, even at some loss of 
efficient^, actual shock must be avoided by cushioning the moving 
parts at the end of the stroke. This led to the development of 
the Tabor ** shocklesB *' jarring machine, an example of which, 
supplied by Meaeia. JackmaiiR, Ltd., of Manchester, is shown in 
section in Fig. 283, The jarring table, a, which ie strongly 
ribbed to resist the constant shocks to which it is subjected, is 
cast in one piece with the cylinder, fi, in which the jarring ram, c, 
works. The latter is mounted upon a massive cylindrical anvil, d, 
which is supported on springs, «,aDd is capable of a slight vertical 
movement within the cylindrical base of the machine, p. Com¬ 
pressed air is first admitted to the ram, raising the table and its 







MACHINE MOULDING. 


m 


DFidt and &t the same time preesing down the anvil. At n iiertnin 
loint in the upward fitroke, the admiaaiott of air is cut off au|o- 
naticiilly by llie valve gear, the remainder of the stroke being 
performed by expansion, The valve now opens to exhaifet* and 
he air, before escaping into the atmosphere at 7n, is first jfassed 
nto the uijvil cylinder through the port shown. The table falls 
'by gravity, sliding on the jarring ram, and the anvil is thus 
relieved momoiihirily of its load. Tho springs on which the 
iiiivil rests therefore expand, and together with the pressure of 
tho oxhiiList air, raise tne anvil upwards to meet the deBCHiiding 
table. ^I’he jarring cylinder and anvil are now moving towards 
?ach other, and at the moment of impact the momentum of tlio 
ailing cylinder and table ie etiual to that of the rising anvil. The 
effect of tfie blow is therefore utilised almost without diminution 
for packing’* the sand, witliont transiuilting shock or vibration 
to the machine and its foundation. The admission of the exhaust 
air to the anvil cylinder has the further advantage that tlie 
motion of the anvil is accelerated, wdiilst at the same linie tho 
table is rotiirded. The table thus remains In close contact with 
the pattern plate and the mould, and tlio rel>ound, which might 
injure tho inouhl, isavvoided. TTio machine is set in yiotiun by 
tho hand lever, which admits air to the automatic valve,A 
second lever, ^ working over a toothed sector, serves to control 
tho length of strnhe, wbicli may be varied from ^ inch to 4 inches 
during the working of the machine. Any water carried in with 
the air may be blown off at the valve, w. A hose pipe for blowing 
off sand fram the pattern may be attached at h. A guide rod, i;, 
prevents any tendency of the jarring cylinder to i*otiite on its 
ram. A large machine of this type by the Tabor Company 
weighs altogetlier .45 tons, and is employed for tlie heaviest class 
of work, such as engine bed plates, parts of machine tools, etc., 
weighing up to 25 tons. The table measures 8 feet by 12 feet, 
the jarring cylinder is 36 inches in diameter, and the anvil itself, 
which is a solid casting, is 5 feet in diameter, and weighs 29^ tons. 

Huttlplo lfoulding.~With the various systems of tnacliine 
moulding already deacrilied, the mould ie made in two parte, 
Bach of which contains an impressioa on one face gnly. But for 
work such as flanges, discs, washers, etc., which are ilut on one 
side, the joint face of the upper half mould is perfectly flat, the 
impression being contained entirely in the lower half. Suppose 
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now Ik inniiluTor fiodioiiH oxnelly lilvo Ihi! 1o>T6r biklf are rainmec 
nil nud piled one upon the other, a mould cavity ia forawd at 

each joint. ThuS( 
eight sectiona or boxe^ 
would coutitiii eevei) 
mnntda, producing ah 
many caatinga as 
seven ordinary moulds, 
which, however, would 
require fourteen boxes. 
Hence a great saving 
of labour, eund, door 
space, and time iu 
pouring must reBiih. 
The natural develop¬ 
ment of this idea is to 
form an iu] 2 >reHsion 
on both facoH of tlio 
section simultane* 
on sly, in order to 
render the system 
Hi)j)licabl6 to objects 
of any shape whatever. 
To in0\k 1 d theB0 
double-faced *’ boo- 
tiems in a machine, 
the lowel* half ^^itUern 
plate, fixed to tiie table 
as usual, is employed 
in poiij'auction with 
an U 2 >per half 2 )uttern 
plate, carried in a 
pressure frame, which 
comes in contact with 
Fio. 2 Si.—Maitipic Mouidhtff. , the pressor bead of 

the machine. The box 
is placed over the lower pattern (date, which is covered with 
facing sand. A filler frame is then added to the box, and 
Hour sand put in, followed by a layer of facing sand on the 
top, the surface being struck off level. After the upper pattern. 
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late has Ixjon placed in position, tlie monld is rammed in the 
sual way, the sand being pressed out of the filler fianic into tljo 
ox. The pattern may bn wilhdrawii by any of the methods 
revioiialy deacrilied, the lifting pins or stuolrf being of larger 
iameter in the lower pari, 

0 that the upper pattern 
late is just lifted from tlio 
os, after which tlm box is 
ifted from the lower 
lallorn plnt(K As many 
iR ten or fiftonn sectiouH 
nay he Btaoked one upon 
ho other, exiu^t aHRombhigo 
wing Heeured by moans of 
jiiuie pins and lags on the 
loxes (b’ig. 284). In each 
section after tlio first oite, 
the gate or runner should 
fje cut before romoval from 
the machine. The whole 
is loaded with a heavy plate 
just before pouring to 
prevent running out Tho 
system is extensively used 
for such objects as hand¬ 
wheels, pulleys, small fly- 
wlieels, sewing, etc. machino 
frames, brass fittings, etc. 

Wheel - moulding 

Kaohinee.—Formerly spur - 

and bevel wheels were 
moulded from complete pat¬ 
terns, Wllich were not only 28fi.^TooLli WhocbmnuMlng 

very costly to make, but 

were also veiy liable tc^wai'p and twist or get out of shape when 
in use, and a large number pf patterns had to be kept in stock 
to meet even a moderate range of requirements^ The wheel¬ 
moulding niiichiDe was therefore introduced mainly with the 
object of saving the cost of patterns, but at the same time 
of producing more accurate work. The only pattern required 
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for tlie toothed rim is a hlotik or segment containing two teet 
which is very accurately made in liardwood. This is attache 
to the radiiil arm of the machine, which, when adjiieted lo tl 
proper radius, can ie s the block round exactly on the pitch circ 
of the wheel. The teolli are ranniied tip from the block one ( 
two at a lime, Fig. 2B5, and tlie block ie moved round afU 
each o])crtllL^>ll through n space e(jnal to t)ie pitch by Dieane of 
dividing wlieoi on the tnacliiiie. The boss and arms of the who( 



Flo, 28a Principle of Whflol-moiil'liog Mflrhine, 


are moulded from patterns, or struck up in the manner already 
described under the head of Moulding. The principle upon which 
the machine is constructed is lllastratcd in Fig. 286. The tooth* 
block, a, is fixed to the lower end of a vertical slide, E>, which can 
be moved up or down by band-wheel and rack and pinion 
motion at the end of the horison^al arm, d, of the moebine. This 
serves to withdraw the pattern from the mould after ramming. 
The arm slides through vees in the rotating head, r, and may be 
adjusted to the proper iikdins by hand-wheel, (*,aud screw. The 
rotating head, in the form of a hollow casing, contains the dividing 
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or “ indexing gear, which conaiats of an accurately cut worm, f, 
jmd-worm wheel, I?. The worm or tangent whoe! is hxGd mjnn 
tiiie top of a cylindrical pillar or contre, h, round which, the 
rotating head can Hum freely. The worm almffc, which'has its 
hearings in the rotating head, id operateil by hand lev^er ihrough 
It train of tdiange wheels used in exactly the aniiie way as in a 
screw-cutting lathe. The worm wheel has usually 180 teelh, 
iiiul the worm is single-threaded. If then change wlteels of the 
same size are placed on the handle shaft and woi'tu shaft respec> 
lively, one turn of the Hhndle will cause the rotating head to pass 
through the space of one tooth of the worm wheel, i,r., through 
of a revotulioii. The initchine would in this case be properly 
act for moulding a wlieel with IBO teelh. For any other number 

,, number of teeth in dividing wheel 

of teeth, the ratio-,•- r-r “i— r r-y-m mnst 

number of teelh m wheel to he moulded 

, number of teeth in wh(M5l on handle shaft. 

be the Slime asthemtio , ••—,- “1 .." l 'ii 

Qumlieroi teeth in wheel on worm abaft 

Let it be required to mould a wheel with 75 teeth, the ratio is 


►hen = 2i. 


Placing a wheel of (say) 80 teeth on the 


Itandle shaft, a wheel of 80 -r- teeth would Ije required 

30 the worm shaft. When a fmctional result is obtained in 
this way, it mast be brought to a whole number by some 
convenient multiplier, in this case d« This means that a 
wheel of 100 teeth may be used,, provided three complete 
;umB (= multiplier adopted) are given to the handle to move 
he tooth block round through a space 6qual to the required pitch. 
The handle is therefore arranged to rotate in front of a fixed 
iividiiig plate or quartering Iwx,*^ which is provided with four 
lotches, BO that complete turns, or any number of quarter (orna, 
nay be given. Having decided upon the sizes of the wheels on 
ihe handle and worm shafts respectively, the intermediate ot 
‘ idle ” wheels on the slotted quadrant plate may be of any con- 
/'enient size whatever to fill the intervening space)' and do not, 
)f course, affect the velocity ratio. The central pillar on which 
he rotating bead turns is bolted down to a stone foundation, 
md therefore remains a fixture. The upper part qf the machine 
nay be removed bodily when the ramming of the teeth is com- 
)lete. Two or more pillars may be fixed on separate foundations, 
uid the same head used on any one of them in turn, so as to avoid 
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lodB of iiiii(!> ^UKtinet ly]>OH of whdel-mouMjng }Tin<;ljine 

hoen ovolved: ( 1 ) Tbo iHfwfthif'jnnt tiescribod, mi<1 

(2) the f(Me wm Jiin^.. The fir^t cftuiiot Ik; asi«l for mmW wheels 
on Hce(tuTit of the space occupied by the central ]Mllar, but may 
easily be made to deal with dwmelore up to }~> fiset. Au 
example of a machine of this ly^w by Movers. J^uncuu Stewart 


♦ 1 . 



Km. iS7,-Whcol-njoulilinj; Maolnno, floor 


& Co., Ltd., of (rlan^row, iw shown in 2fl7. A uow' feature 
is tljo emplr»yTucnt of a dividing drum, instead of the nmml 
change goar^ for the indexing motion. The drum, wlneli in 5 feet 
ID diameter and IS inches wide, is clamped upon the top of the 
ceutJ'al pillar. It is provided with 50 rows of hules, accurately 
drilled iu a special dividing machine, the first vow numbering 
61, and the last row XOO. The jib carries a bridge piece, which 
luis a vertical slot to enable the dividing pin to l>e fixed in any 
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IKjflition UirouKliout tins eiilir« widLli oF tlie ilnmi. Tht; (Uvi^lin 
pin in tApmtiil, and held in the hole iu the ttriiin by u 


j 1. 



Fi<?. 28S.—Wb«>J'inoii[i;lin(c Macbmc. Tabic tyr^e. 


that when in position there ia no alack. On willidmwiii^ tt 
pin to rotate the jil), a quarter turn locUa it iu the ‘'out 
position. The numl)er of teeth in the tooth block, and tl: 
numb VI boles in any row on the drum taken at one tixiM 
' O D ji 
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inay be vuk'if^d to tlie muiilHir of teuth required in tlie 
to ,lio moulded. Thun, li)5 t«uth imiy b<j oblftiiiod by bnving 
throo tcetli in tlie uiouldiiig bloek and taking two boleB at a time 
on tbe'row of 70 boleB on the (bum. lu the fahfr macUhtet the 
overfianging arm or jib carrying the negiuont block wlieii once 
fixed at the ro({uired radiua, remains Btatioimry, tlie *^|)itclung 



7i(i. i^evul Whcd bj Marhiue. 


movemont Iwiiig given to a rotating table on which the moulding 
box is placed. This tyjie of machine is spemlly suitable for 
smalbsi^sed wheels up to about 80 inch;sa in diameter. The 
general urreiigement will be gathered from Fig. 288, which 
represents a niachiiie made by the London Emery Works Com* 
pany, Tottenham. London. The operation of moulding the 
teeth of a bevel wheel is well ehown in Fig, 289. Either type 
of machine may also be adopted for moulding hdieal and womh 
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ffearHj in whii^li ctise pjitfcei'ii liloulc uuiKt; Iw wifchtlrawii After 
iftinmiog by imimrting to it a helical movement. For thU 
piirpse a umall hon>!(nibil nlkio, oiwrated by rack nml pinion, ia 
provided ut the lower find of the carrier, to which for apiir gcar- 




Fia. 2d0.—MouUio^' ilulical (fear on flic Ronvillinn RjHten. 

ing the pattern block ia direelly alt iched. In connection with, 
the Botivillain ayatom already described, MesHra. greenwood and 
Ikitley, Lith, have introduced >i very simple and effective method 
of jnoulding the helical wheels used for o|>eraling the valve gear 
of gaa engiiiea« The wheels^ are moulded in greensand, both 
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tnonld and core being rniiimed entivel^p In the machine. The 
paftern ia withdrawn by mtsfiiis of a teiuplalti fixed on the table 
of tlie lnac^liut^ which etisiirea accuracy both in form of toetli 
and ill npiral pitch. The mechanical pattern plates, the pattern 
phitoH for forming greensand cores, the complete moulds, and the 
gears themselvcH are shown in I'lg. *290. 

Core Maohines.—Trobaldy the limit to the application of 
machine moulding arises in coDuectioii with corc-inalcing. 



Fio. ^91.'-rurc-inakinjf l^hicliiiie. riiin^er Ty|J€. 


This, of course, does not ai^plv castings which can he pro¬ 
duced without cores, or to those iu which the cores arc of plain 
cylindrical or priainatiu form. It is doubtful, however, if cores 
of anything more than comparatively simple shape can yet be 
produced satisfactorily by machine. Paiallel cores of round or 
8({uare section may lie made by niacbine in two different ways. 
Tbe first or plnngnr type of machine, Fig. *2111, is littlo more 
than a handy means of rapidly adjusting the diaineter and 
length of the core-box, in which core sand is rammed by hand ns 
usual, the core being finally ejected by the motion of a plunger 
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01 * pistoTi. Any Htool; size of core-box cun be lixetl in nn opening; 
itl the cant iron labltj, anil the correspoiKUnp wize of piston 
attach( hI k. tlio vertical rod. The pinion is thou placed in'tlio 
prr>pRr position by luoviiif; the lever to the rei|iuie4 len^jtli 
of core as retui off on the gnnluated ore- After claiui)ing the 
lever in position, core sand slnwd at the rear of tint table is 
rnunnod into the box, a core iron, if necessary, Iwing inaerted, 
and tbo con', vented as iisaal. On releasing and pulling forward 
tbe band lever, the eoiiipleted core is forced out at the tup. lu 





yro. I’orc-innkinjf Min'liijio. 'I\vpp. 

the aocond or ** sausage niacbitie ’’ typo of core machine, Fig. SiO; 
the sand is lilled into a hopper, and is forced through a mml 
or die of the reijuireil size by means of a horizontal screw, wide 
may be driven by band or ytovtai'. The core is produced in a coi 
tinuous length, with a- small vent hole down the ceiitro, and i 
afterwards cut to the (limeusiou roijnired. A special inixtuvo ( 
sand with linseed oil or other “Ijinder” inust be used, and s 
will be evident, coro irons cannot he inserted- Roth types i 
machine are limited to making straiglit cores, although the fon 
ot sectian admits of some variation. 
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Did Caetiiij.'--In this procew, mokeu metal is forced into 
steel moulds or dies under high prcnsure, and oomiog iu contact 
with the relatively cool eurfacc of the die, it chills quickly and 
forms a hard fme-grain surface on the casting. Pieces of very 
irregular shape maybe produced in this way tinished so smoothly 
and accurately that mticbintng is iinnecessaryf the castings aa 
they come from the mould being ready to go. straight into place. 



Fio. 20H.-'Orotip of i'artA prmluccil ia Die-eaittinK Machiae. 

The process is limited to parts weighing not more than 2 or 
8 lbs., and is coniined to the use of the softer metals, sin^b 
as aluminium, s&inc, tin, lead, and antimony and ibeir alloys. It 
is extensively employed for light castings yrhich have to be pro* 
duced in large quantities, such^ for instance, as the parts of 
telephones, typewriters, sewing machines, counters, gas and 
water meters, medical instruments, magnetos, carburetters, gear 
cases, lubricators, pumps, valves, safety rasiors, etc. The method 
has proved to be particularly well adapted to the production of 



DIE CASTING 



Fifl. 291—DiC'Capting Maclimc. 

bearinffs for niotor car eiigineB and inachi’noi^, as abovvn 
in Pig. 298, which repi*eBcnt8 a group of such castings by the 
Franklin Manufacturing Company, of New York, one of the first 
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Ii8 to engage in tiuH branch of work. A Blniplo form of iHe- 
8tei;[ng machine by C. Neat Si Co., of LoiiJmk, is shown 

witiplete in Fig. ^91. The metal is placed in a gas-heated 
forLainer* tlie lower p:irlion of wliich forma a pnmp bariMd. 
irrer ^05. The molten metal is forced upwards through the 
and 



inclined passago into the steel dies at conHiderablo pleasure, 
thus Busticing great density in the casting. . The dies shown tii 
the section are thoso for a half bearing, and are held down by 
the clamping screw seen in the general view. -Motion is given 
to tlio pump plunger by rack and pinion o^xirated by the largo 
haod’Wheel. The machine shown can turn out castings up to 
3 Lbs. weight at the rate of 100 to 300 per day* 
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externa] pressure causes the particles of the substance operated 
on,, tf) roll freely over eocli other, and the more readiJy the 
particles suhiuit W this movemeut without losing their natural 



Fl<*. Amn^^^metit of Sriith’ti Shop. 


cohesion, the greater the plasticity of the given substance is said 
to be. The opposite property is that of brittleness, 

Smith Work and the Production of Forgings.— Certain of the 
tuetals, as, ior iuelance, gold, posBoas a remarkable degree of 
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malleability at ordintiry ttimperatuvea; otliera sucli ah 

wrought iron or steel, ruunt be heiited to a high ti!iTi|»[!i*iifciire.U) 
render them easily workable, ami a few others, ns in the cose of 
zinc, are malleiiblo only within very narrow liinita of a^erUiu 
iixe^l temperature. It will he found that in almost all caaoR of 
any pracLwal importance the material is operntwl upon in a 
heated conditiou. Wrought iron anj mild steel afford hyfar the 
moat frequent examples of this mode of treatment, wliieli may he 
divided iulo two distinct hranehes, according to the inothod of 
beating employ od: ( 1 ) * 601 ]thing, which is underblootl to comprise 
small pieces oiiiy, such as can he halted in an open or 

** whereas the npefatiou of (2) Forging rcfetH to tlm 

production of those parts which must he hcale<l in a closed 
funiatr. The shop in w'luch work of tho first class is ju ried on 
is known as tho smiihtf, or umith s nhop, and the vartouR oiiera* 
lions are effecUul mainly by haul laUm', or with tlie aid of stmill 
or }n)in‘i'’luittnH<‘ys. That portion of an iron or steel works 
devoted to the production of forgings and simiJar parts is termed 
theand the work is nmiTily performed by nieuris of/fcrow/ 
hamtuentf intuhinca amf and other inecbanicai 

appliances. A convcfiienli arrangement of the mithif and fonfa 
for an engineerk shop is shown in Fig, 291), and the varhnia 
appliances will now be described in detoil. The smithy is usually 
a rectangular one-stoded building, with the lieurths or fires, of 
the pattern shown in Fig* 298, each with its anvil and equip- 
mont of tools, arranged in suitable positions round the outer 
walls. All are served by one blast main running round tho 
building, blast being supplied by menus of a fan or blower. 
The engine room, containing the blowing and (if necessary) air 
compressing machinery, is situated at the end of the main 
building. One or more steam or power hammors occupy a central 
position, and are reached by light overhead jib cranes from the 
adjacent fires. The largest hammer, of the type shown in Fig, 
899, is placed near the centre of the shop, with the heating 
furnace (see Fig. 808^ adjoining. At each end is a smaller 
haiumer of the Rigby type, Fig, 336, within reach of any one of 
the adjacent fires by means of the two jib cranes, as shown. 
The fixed hearth or Jire is of two distinct types, being either 
built of brick, or constructed throughout of iron. There is also 
a portable forge combined with bellows, which is used principally 
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for rivet heating and other outdoor work. In ail coses the 
work uoTueK into direct contact with Die fuel, and the condition 
of the fire ie therefore ouo of the most iiuporlant factore in 
all forging operations. Tho Lest fuel is prohahly coke ** brooze/" 

or gas coke crushed to a suit- 



FlO. 397.^Brick-bni1t flniith*n ITciU'th. 


able size, but soft bituminous 
coal is very often iisod. It 
flliould be free from sulphur, 
and when placed on the fire 
should* cako ” witliout falU 
ing to pieces, producing coke 
with hut little clinker. T\yo 
methods of arranging the 
fuel are in common use, 
termed rcH]>octiv6]y (1) Die 
stock fire, and (2) the 0 ]}en 
lire. Ilie former is generally 
adopted with a hrirh-Uaitt 
hear(h, an example of whicli, 
provided with two fires, is 
shown in Eig. 297. The 
brickwork, bound togetlntr 
by an angle iroTi frame at tho 
to|)> enelosoH at each side a 
hollow apace or depression 
through tlie end of w'hich 
projects Die blast no/zlo or 
” tuyere.’’ * 'i‘he blast may 
be regulated, or cut ofl‘ alto¬ 
gether, by means of a plate 
or valve sliding helweeii two 
flanges in the pipe. Al>ovo 
the two fires is a sheet iron 


' hood" leading to the 

obimiiey. In front of the fire is a '* slako trough," usually of 
cast iron, and a coal or coke bunker is p]ace<l in a convenient 
position, or may be arranged in the hollow space beneath the 
hearth* To keep in the heat of the fire the smith makes use of 
the coal as a non-conducting material, to which end it is broken 
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This (Iftinp or lioft! pii'viiiitH Llio lire from Kpinatling too 

rapidl}', at)d piodnces h&ttor coke. A stuck lire is iiiLcmltid to 
Inat for several liourH^ and is uspeciully useful in dealing with 



larger pieces, when « heat may have to he kept up for Botne 
time. With this method of wcu-king, the tuyere need not bo 
water-cooled, nnd it is claimed that some trouble on that sciiro is 
avoided, Before commencing woi k* the lire is tniide up round a 
block of the size desired, which in placed over the tuyere, and 
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upon which frenh coal is closely built into tha form of a 
mound or “slock.” The block is then withdrawn, and the fire 
lighted in the opening left. Here the work is heated, being 
carefully covered with freehly-coked fuel from time to time as 
the fire burns away. ^ 

The hrick-lmilt hearth hue heen to a conBiderable extent dis¬ 
placed by the cast iron tyi>o, mainly on account of the facility with 
which the latter may be moved from one part of the smithy bo 
another, should alterations become necessary. A cafitironhearth 
made by Meeers. Alldays and Onions, Ltd., of Birmingham, is 
shown in Fig. 299. The hearth is of the so-called “ chimney- 
lesfl " variety, and is fitted with a raised hood or bonnet, opening 
into a rectangular piiswage formed in tlio firebrick lining of 
the hack, l^hin passage leads down into an undorground flue 
which communicates with a tall stack or chimney for creating 
the necoHsary draught. Through the back projects tlie blast 
noz?jle or tuyere, often called the tue iron,” which is made 
in the form of a waior-jacketted hollow cone of wrought iron, 
kept cool by the circulation of water contained in a cast iron tank 
or water bosh '* to which it is attached. The end of the nozzle is 
thus prevented from burning away, and the tendency of clinker 
to cake upon it is avoided. The blast enters through the 
^Mdast standard,” which is a vortical stand-pipe connected to 
the blast main, and is provided with a cock by means of which 
the pressure may be regulated. The cock is connected to the 
tuyere by an elbow pipe passing through the water in the 
tank. The front of the hearth is carried upon a large trough 
to contain slack or coal. The water trough is at the side, and 
is arranged with a sloping front for easy access. With this 
form of hearth, an “open" fire is used, which Is made up in 
the hollow space with coke left from the last Are, covered over 
with green coal. As the Are burns away, coke from the top and 
sides is thrust into the centre, and its place taken by more green 
coal taken from the supply maintained on the front plate. The 
“ down-’draiufht " hearth, as made by the BuffUo Forge Company, 
shown ih Ffg. 299, is constructed of cast iron, and is operated 
with two fans, one for producing the blast, as usual, and another 
for creating the necessary draught for taking away the smoke 
and fumes. The freedom from smoke and the better ventila¬ 
tion of the building, together with the clear space overhead 
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which roBUlts from the adaption of this type of health, ara 
great advantageB ia its favour. Tnf^tead of tiie water-cooled 
tuyere at the back aa formerly used, the likst eutors from 
below through an a<ljuBtable nozzlo or "hall tuyero" In the 
centre, which ertBurea a much better distrihuliou of the blast. 



t 


Any ashes which fall through the n03?zle from the fii-e may be 
blown out by opening a valve in the hex immediately below. , 
The blast, or air undpr pressure for urging the fire.^is supplied 
in tho case of tunaH/jw /a/dr fiir/i by moons of a hellow*8, Fig, 300, 
but either a fan or a blower driven by poifer is always 
employod for the smithy. A fan is best adapted for moving a 
large volume of air at a small pressure, and to 1)6 effective must 
be run at a high speed, or about 8,000 revolutions per minute, 
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which frequently neceeHitAtes a coiinterHhfift or other gearing* 
It ia true th;tt t^ovenil important impruveinentH have recently 
been inLroiUicod, aiul the fan ia still retained iu many Avorks. A 
well-known form for tlie purpose Ih sliown in Fig. 21b. On the 
whole, howc^ver, a Boots' htower would Heeui to he preferable, and 
is pvol>ah)y )ioth moro Hiliejpui and economical when the iiir 
haa lo ho delivered at ntty appreciable pressure. An example, 



Kig. mxi. * Purtablc Km-xr* 


made by klessrs. Thwaites Bros., Ltd., of Bradford, is sliown 
in Fig. 301. Two properly shaped “ rollers '* or impellers (see 
Fig. 220), fixed on shafts which are geared together by equal 
spur wboels, revolve in opposite directions inside a easing in 
such a manner as to draw in air at the inlet on the top, and force 
it out under pressure into the blast main below, the speed as a rule 
not exceeding BOO revolutions per minute. In some eases where 
several fires are supplied from the same blower, a reservoir, 
fitted with an escape valve, is employed for the purpose of 
maintaining a constant pressure in the blast main. It is very 
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impovtiint that projw iiieattH for rogiilatitig the hlaat should 
be applind to each lionith. A cotntnoii loinloucy \n to*blow 
the fire loo hartl, when the oxygen conlitinod in tlip siu'plus 



Kl(i. aoi. liJMitK* hlitHTr. ffjr Kjre!i. 


air ciiuaea the iron to burn, forming aciile. This action cannot 
perhaps he entirely oljvuted, but, ospncially for welding, care 
should be tahon to avoid an oxidieing lire, as it is termed. 
Heating Fupnaoe. ~In tlm forge, for large work executed 



Fiw. 30^.*--H«»ting Funiftco for Forgo, 


under the steam hammer, a beating furnace of the reverberatory 
type IS employed. As will be seen from Fig. 302, the fnrnaee 
ia bred with coat, burnt upon the grate, A, and doea not therefore 

*112 
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PjiKPAnAi'onv Pro(’Kssks— 

CHAPTER XXX. 

» 

SECTION B.-PROCESSES DEPENDING UPON THE 
PROPERTIES OF HAI/lEABlLlTY AND DUCTILITY. 

T»k oiM’ratioiiH stamjdmj, ToUi}t^, 

ete., uivolve a change of Bhap-: in a BoHd body bron^dit about 1)y 
liiltiii^r advautage of the properties of ductility, malleability, and 
ptauticiiy, which are i>0HB65Hed to a greater or lesB eiiteiit by 
most motalH, tiiit-tilitii in that property wliich enables a body to 
be drawn out, or c)ktor\dod in the direction of its length, i>'., to 
be cojiverted into wire. Hence the most ductile motal U that 
from which ihe iinest wire may be prodneod, viz., gM (see 
page 12). Ductility depends mainly upon tenacity, and to a 
less ext(^iit u))oii liaidncss. As a vide, friirly soft metals of high 
tensile strength are the iimst thudile, and lienee iron is more 
ductile than copjier. Maflt ahtlifi/ is the property which permits 
of a body being bcaton out, or oxtended in all directions, t.r., 
being converted into thin sheots, foil, or leaf. The most 
malleable metal is therefore that from which the thiimest leaf 
may lie produced, and gol<l again heads the list (see page 12). 
The eJTect of hardness upon inalteai)ilily is much greater than 
upon ductility, which is the reason why cop[ier is much more 
malleable than iron, although less ductile. iHanticiiyj or ** solid 
flow,” is the property by virtue of wliich a HOlid body may be 
slmped into any desired form by pressure. This hag no relation 
whatever to the property of fluidity of a metal when molten, 
which, as already described, is utilised in makidg castings, 
riasticity may be dolined as the absence of elasticity. Wet clay 
and IbiuI, wliich retain any impresgion made on them, and 
show little power of recovery after the pressure is withdrawn, 
are good examples of plastic substances. The application of 
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external pressure causes the pnrttcles of the substence operated 
on. roll freely over each other, and the more readily the 
pnrticlos submit to this movement without losing their natural 



Fui. SW. —General Arranfjement of Shop. 


cohesion, the greater the plasticity of the given substanea is said 
to be. The opposite property is that of brittleness. 

Smith Work and the Production of Forginje.—Certain of the 
metals, as, for instance, gold, possess a remarkable degree of 




PROmrCTION OF FORCtNGfi, 428 

iTialleabilily at ordinary iemperatures; otliers again, sucli na 
wrought iron or steel niunt bo honfce.d to a liigii htiiiiHU'ature^lo 
render them easily workable, and a !ow othera, aa in the case*of 
;:incj are malloablo only within very narrow liniitB of a-certain 
iixe^l temperature. It will he found that in almost all cases of 
any practical importance the material is operateil upon in a 
boated condition. Wrought iron anj mild steel afford by far the 
most ireqnciit examplcB of this mode of trontmont, which may ho 
divided into two distinct branches, according to the moLhod of 
lieatingemployed: (l)*BinUhing, which isimderKLoodtocom]iriso 
small pieces only, such as ciin he heated in an open *\/hr '* or 
“ hi’titib” where<l8 t)ie opefakion of (*i) Forging refers to tlie 
production of those parts which must he healed in a closed 
/wiimrr. The shoj) in which work of tijo first class is can’ied on 
is known as tho sniithij, or miUf'it and the various o[iora- 
lions are effected nuiinly by hiuil lahooTf or with the aid of small 
6t/‘am or pritrri'-iuttnmers. That portion of an iron or steel works 
devoted to tJie production of forgings and sirnilar ))arts is termed 
theand the work is mainly perforniod by means of/ om?*/; 
hammcrity fonjinij utachifua tuui ptrni;»‘n^ and other inechaiiical 
appliances. A convenient arrangoment of the nHtillnf and Jhnff. 
for an engineor's sliop is showii in Fig, 2!)(1, and the various 
appliances will now bo described in detiul. The smithy is usually 
a rectangular ono-etorieJ building, with the hearths or fircH, of 
the pattern shown in Fig* 298, each with its anvil and equip¬ 
ment of tools, arranged in suitable |)ositions round the outer 
walls. All are served by one blast main running round tlie 
building, blast being siijjplied by meiins of a fan or blower. 
The engine room, containing the blowing and (if necosaary) air 
compressing machinery, is situated at the cud of the main 
building. One or more steam or power hammors occupy a central 
position, and are reached by light overhead jib cruaes from the 
adjacent fires. The largest hammer, of the type shown in Fig. 
399, is placed near the centre of the shop, with the heating 
furnace (see Fig. 803) adjoining. At each end is a smsJIer 
hammer of the Kigbytyp®* ^'l-hiii reach of any one of 

the adjacent fires by means of the two jib cranoR, as shown. 
The fixed heai-iJi or fire is of two distinct types, being either 
built of brick, or oonstructed throughout of iron. There is also 
a portable forge combined with bellows, wbieh is used principally 
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for rivet hentin^ itud other outdoor work. Ill all cases the 
work comes into direct contact with Die fuel, and the condition 
of the lire is therefore one of the most impuriant factors in 
all forging operations. The Lest fuel is proliably coke “ breeze," 

or gas coke crushed to a suit- 



FlO. 297.—Bnck-bnilt Hearth, 


aide HV/iG, but soft biluminous 
coal is very often usod. It 
should be free from Hulphur, 
and when placed on the fire 
should^ “ cake " without fall¬ 
ing to pieces, producing coke 
\rith hut little clinker, T^YO 
methods of arranging the 
fuel are in common use, 
termed respectively (1) the 
stock fire, and (2) the o])eu 
fire. The former is generally 
adopted with a hrirfi-httilt 
hearth^ iin example of whicli, 
provided with two fires, is 
shown in Fig, 2S)7. The 
brickwork, bound togctlmr 
by an angle iron frame at the 
top, encloKOH at each side a 
hollow space or depression 
through the end of which 
projects the blast nozzlci or 
“ tuyere." ■ The blast may 
he regulated, or cat off alto¬ 
gether, !>y means of a plate 
or valve slidiiig between two 
flanges in the pipe. Al)Ove 
the two fives is a sheet iron 


"hood" leading to the 
chimney. In front of the fire is a “ slake trough," usually of 
cast iron, and a coal or coke bunker is placed in a convenient 


position, or may he arranged in the hollow K])ace beneath the 
hearth. To keep in the heat of the fire the smith makes use of 
the coal as a non*conducting material, to which end it is broken 
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ThiB damp or “green'* coal pn'vtiiits tlic fire from Kpreadiiig too 
lapitlly, and pnuluces better coke. A Klock firo is intended to 
liujt tor several hours, and is especially useful in dealing with 



• 4 

huger pieces, when a beat nmy have b bt kept up for BOine 
time. With this method of working, the fcnyeve need not bo 
water-cooled, and it is claiine^l that sonic trouble on that score ia 
avoided. Rofore comuioncing work, the fire is made up round a 
block of the size desired, which is placed ovor the tuyere, and 
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upon wluch frenh coal ib oloHoly built into the form of a 
mouiul or “stock.'* Tlie block is then withdrawn, and the fire 
lighted in the opening left. Here the work ia heated, being 
careful^ covered with freshly-coked fuel from time to time oe 
the fire burns away. 

The bi'ick-buiU hearth haa been to a conaidHrable extent dis¬ 
placed by the cnat iron tyiie, mainly on account of tlie facility with 
which the latter may be moved fioui one part of the suiithy to 
another, ahould alterations become necessary. A cant ironkearth 
mode by Messrs. Alldays and Oniona, Liid., of Birmingham, is 
shown in Fig. 2!18. The hearth is of the so-called “ ebimney- 
lesH** variety, and is fitted with a raised hood or bonnet, opening 
into a rectangular passage formed in the firebrick lining of 
the back. This passage leads down into an underground flue 
which communicates with a tidl stack or chimney for creating 
the necGHsary draiigiit. Through the back projects the blast 
nosirde or tuyere, often called the ** tue iron,” which is made 
in the form of a water-jaeketted hollow cone of wrought iron, 
kept cool by the circulation of water coukainod in a cast iron tank 
or ** water bosh to which it is attached, Tlie end of the nozsle is 
thus prevented from burning away, and the tendency of clinker 
to cake upon it is avoided. The blast enters through the 
** blast atatidard/' which is n vortical stand-pipe connected to 
the blast main, and ia provided with a cock by means of which 
the presauro may be regulated. The cock la connected to the 
tuyere by an elbow pipe passing through the water in the 
tank. The front of the hearth ia carried upon a large trough 
to contain slack or coal. The water trough ia at the side, and 
is arranged with a sloping front for easy access. With this 
form of hearth, an "open” fire is used, which Is made up in 
the hollow space with coke left from the last fire, covered over 
with green coal. As the fire burns away, coke from the top and 
sides is thrust into the centre, and its place taken by more green 
coal taken from the supply maintained on the front plate. The 
" doton-drati^ghi" keartfi, as made by the Buffalo Forge Company, 
shown In Fi^g. 299, is constructed of cast iron, and is operated 
with two fans, one for producing the blast, as usual, and another 
for creating the necessary draught for taking away the smoke 
and fumes. The freedom from smoke and the better ventila¬ 
tion of the building, together with the clear space overhead 
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which reBults from the adoption of this type of hearth, are 
great advantages in its favour. Iiisterui ol the water-cooled 
tuyere at the back as fonuorly used, tlie blast from 

below through an adjustable my.7\e or “ball tuyere” In the 
centre, which ensures a much belter dislributiou of the blast. 



t 


Any ashes which fall through the nozzle fmm the fire may be 
blown out by opening a valve in the bux immediately below. . 

The W( 7 #<, or air undpr pressure for urging tlio fire,^is eupplied 
in the case of small 2)07iahlc firys by means of a bellows, Fig. 300, 
but either » fan or u blower clrivcJi by iw^er « alwaye 
employod for the smithy. A fan is best adaptwl for moving a 
large volume of air at a email pressure, and to be effective muet 
bo run at a high speed, or about 3,000 revolutions per minute, 
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which frequently neceBnitates a oonnterRhnft or other gearing. 
It ia true nevcral important iuiprovementH have recently 
been iulrotluoud, iiiul the fan iH ntill retainetl in many works, A 
well-known form for the jiurpowi in shown in Fig. 21!h On the 
whoh% however, a Route' blower wouhl seoui to be preferable, and 
is prolKihly both mru'o ehlcioiU and uconumical when the iiir 
hati to bo tk'livered at any appreoiahle pressure. An example, 
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made by Messrs. Thwaites Rros., Ltd., of liradford, is shown 
in Fig. 801. Two properly shaped “ rollers or irapellera (see 
Pig. 220), fixed on shafts which are geared together by equal 
spur wheels, revolve in opposite directions inside a casing in 
such a manner as to draw in air at the inlet on the top, and force 
it out under preRsureinto liie blast main below, the speed as a rule 
not exceeding BGG revolutions per minute. In some cases where 
several fires are supplied from the same blower, a reservoir, 
fitted with an escape valve, is employed for the purpose of 
inaintaining a oonstant pressure in the blast main. It is very 
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important that proper nieane lor rof^ulatii)^ the blast sbould 
be applied to eiidt lieartli. A conniiori teddi-ncy is to'blow 
the fire too hard, when the oxy^^n coiiUitiud in thp am'plue 



)*!<:. HOI. IIoi^Ik' Tor Wuwht" SriMOjs’ 

air causes the iron to liurn^ forming scale. Thin action cannot 
perhaps l>e entiroly obviatod, biit» cH]incially fur welding, care 
hIiouIcI be taken to avoid an oxidising fire, an il is tui'nied. 
Heating Furnace. —In the forge, for large work executed 



Fro. 302.--Heating Funtaoe for Forge. 


under the steam hammer, a heating furnace of the reverberatory 
type is employed. As will be seen from Fig* 802, the furnace 
is fired with coal, burnt upon the grate, A, and does not therefore 

'ana 
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oome in direct contact with the work to heated, which U 
introduced through door, B, and phicod upini the bed, 0, farmed 
of Band. An alr>coo1ed cast iron bridge, 1), protected with fire¬ 
brick, caueefl the flame to impinge upon the hearlhj and any , 
Bcale produced by the oxidiBing action of the fiamo unites with 
t^e sand to form u slag which is run off at the Upping hole, E. 
The farnace is conatructc^i of firebrick, held together by iron 
plates or bueksUves and lie rods, as shown in Fig. ilOS, which 



Is an external view of a beating furnace made by Mesare. 
Thwaifcea Bros., LW., of Bradford. The lire-door is seen on the- 
left, the counterbatanced working door in the centre, and the 
flue leading to the chimney on the right. The^products of com¬ 
bustion escaping at a high temperature, are freq^uently utilieed 
for Bteam-raiaing purposes on their way to the chimney, otherwise 
the heat usefully employed in heating the metal is not likely to 
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exceed 10 per cent, ef UiAi produced by the combustion of the 
fueL Fig, 304 uliowa ji scrap-heating furnace by Messrs. Alldaye 
and Onions, Ltcb, of Hirniiiigbani, comhined with Babcock and 
Wilcox boiler tired with the waste gases, for supidying steaiu to 
steam hanimerB, etc. Goa-heated fumaccs, working in conjunc- 
tion with Siemens regenerator's, are capable of efiectittg consider¬ 
able economy, and oil-fired furnaces have recently been used with 
great success. 

Tools used in Forging.—The principal too! used by the 
smith is thewhich in employed in*oonjunctiun with the 
anvUi on which the work is laid. The effect of the blow is not 
due entirely to the weight of the ifanimer, but depends very 
largely on the velocity with which the hammor Htiikos the work, 
and is proportional to the kinetic energy, or energy of motion of 
the hatnmei', 

^ (H-4 

where "W — weight of the hammer in lbs,, r = velocity in feet 
per second on striking the blow, and (f — 32*2 feet per second, 
the acceleration due to gnwity. The whole of this energy can 
only be utilised in producing a change of shape if the work him 
no appreciable elasticity, and is incapable of motion on receiving 
the blow» Hence the support or anvil should be of ample weight, 
or for hand work, say from 30 or 40 times that of the heaviest 
hammer, and should 1)6 as firmly fixed as poHsible. 

The hammers employed for amithwork are of two kinds 
(1) the hand hammer used by the smith himself, and (2) the 
eledye hammer, used by his assiytanl or striker. Both kinds 
should be mode of cast steel throughout, with the end faces care¬ 
fully hardened and tempered, the |)ortion round the eye being 
left soft. The hand hammer should weigh, for ordinary work, 
from 2 to 3 lbs., and the shaft should be about 14 indies long. 
The best and most usual form is that known os the bull peue, 
Fig. 806 (a), with the large end slightly convex, and the small 
end or pene, hemispherical. The latter is useful for upsetting 
scarfing, rlvetUtig, etc. Other varieties which are frequently in 
requefit are the straight pene, Fig. 806 (&), and the cross pene, 
Fig. 306 (c), in which the pene ia formed like a blunt wedge, and 
is rather effective when drawing down. The blackamith’s or 
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rivetfcing hammer, Fig. H05 in, in aildition to its own apedal 
use, preferred by many sjnitliH for ordimiry work. TJio iJomnioii 
form of the sletige hamumr is (ioiihle.ffw^etl, Fig. !J05 (f)*, but 
straight peno and cross peue Hle(lg(!s, Figs. 8ir>( /')arvl i\06(t}\ 
are also employed. For ordinary work, tint most siiitahlo weight * 
ii$ from 10 to 1*2 lbs., and for heavy work, from IG to 20 11 is., the 
shaft being from 8 feet to 3 foot li inches long. The sledge 
hammer may he raised up to the shoulder for moderate blows, or 


fa* /hi (Cl 
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it may be stniuff when used on heavy work. The awing is made 
entirely on the right side of the body, with the left arm square 
acroae, so that the left hand, which grasps the shaft as near the 
end as possible, becomes a sort of fulcrum. The right hand, 
when lifting, approaches to within G or 8 inches of* the, 
hammer he^, and Is allowed to slide down the shaft towards the 
end as the work is approaclied, thus delivering the full force of 
the blow. When at work, blows are given alternately by the 
smith ami his striker, the former indienting, by means of hia 
hand hammer, the eiact spot upon which the sledge shall fall. 




424 


MECHANICAL TECHNOLOGY 


T}ie Rmith finally allows hla hammor to ring on the anvil as a 
bigii that the worl< is couipU^tc. 

Tho aunt is geimmlly imwl« of wrought iron or mild ateel with 
a “ faoo " of cftHi. Htnol woldedou and hardened* The usual »hajie, 
shown iri Eig. JUKI (fih fpr use iu an engiuetiring shop, is known 
as the English anvil, ami for avorago work the weight shoaloba 
about 3 cwts, The horn or beak is soft like the body, and square 




boles are provided at the ends of the face to take the stems of 
bqtlora tools to be described later* To bring tVie face to the 
proper height, viz*j 2 feet above the ground, the anvil is placed 
upon a httn'k or ataiul^ which may be either of wood or of cast iron, 
Fig* 30?* 'Wh^n in position, the beiik should be on the work- 
man’s left. The so-called “ French ** anvil, Fig. 306 (h\ largely 
used on the CoTitineut, has a horn at each end, one of round 
section and the other trapezoidal. The first serves for ring 
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making, or for bending to ii radine, and tlm latter is very con^ 
venient ior aquare cornert*, Fig. lUlli (/-). A dowel pin, driven into 
the wowlen block, or cast in tiui irim stioid, as the caso may be, 
enters a, hole in the bottom ol the anvil, and servos fco'prevent 
any lateral movement. 

ftand tools arc required for those ^)perations such as cutting, 
punching, etc., for which the hammer is not directly available, or 
for hniahing work after it hos been brought roiiglity to shape by 




Fro. Auvil on Casi Imn niocic, 

the hammer. Two of each kind, forming a pair, and known i 
top and bottom took respectively, are generally used together, tl 
former being hold by the smith, and the latter having a ste: 
which is placed In the square hole in the face of the anvi 
Theae tools are divided into several groups, viz. :*-(!) chieel 
(2) fullers, (3) swages, and (5) punches, Bj^d of thea 

excepting the first, several different shapes, with four or five eizi 
of each, are required for everyday use. Cold and hot Chke 
are employed for cutting off cold stock, and for liot metal n 
sjieclively. These toolsniaybeniadH with an nye and shafted lil 
a hammer, or the body may be left cylindrical and a rod of haz 
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or of round iron bunt to form a bundle hb in Eigs. 309 and 310. 
The latter being to M)iiie extent looBOf relievuR the band from 
jarring and ehock, Intt the shaft onubleHtlie tool to be placed and 
held more ticcurately in poHition,aud is now conimonly pr6feTred> 
except for rough work. The cold ciiieel, Fig. 303 (ft), is forged 
thick ill the body, and the cutting edge in hardened and tempered 



to pnrplej the body remaining soft. The hot chiHel^ Fig. 308 {h), 
is forged thinner and wider in the blade, and having to cut hot 
metal whi^i would soon draw the temper, need not be havdened. 
Chisels should be ground with the cutting edge slightly convex, 
Fig. 308 (fi), and never hollow, Fig. 306 (4), or even straight, ns the 
oomBTs are then sure to be broken off. The proper angle between 
the facets la 60^ for the cold chisel, and 80'^ for the hot chisel* 
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Hence each alionlil be retained oxcliiHively for ibH own siwcial 
purpoHc, afi the cold chisel, if used on hot worlc, ■will linvo its 
temper drawn, and the edge of the hot chisel wi/l he “ turned 
and "knocked up'^ it used » 


for uuttitig cold metal. The 
abov^ remarks apply equally 
well to the correBpoiiding 
bottom ciUters, or hartHi'a, 
ati they a?’o sometiines 
termed. Pig. iiOH (.>) slft)W8 
a hai'die with ndjustahie 
cutting^oiT gauge,'which is 
an extremely useful appli¬ 
ance when A iiund)er of 
pieces of the siime length 
are required. Closely allied 
to chisels are the 
Fig. BOO (n^), which are also 
made as top and l^ottoin 
tools, and are useful for 
dealing with circular work. 
t^WWrgj or “necking" tools, 
may be descriliod as very 
blunt chisels with well 
rounded edges, the si^e of 
the tool being denoted by 
the size of Ike gi'oove wind) 
it is cap^ihle of making, 
what ia known as a J-ineh 
fuller having a semi-circular 
edge of ■* inch diameter. 

Pullers, like chisels, are 
made in pairs, as top and 
bottom tools, Pig. B09 f/^), 
and they arc used ^ for 
indenting or sotting down" wo 
finishing rounded corners, and b 
chisele for caulking. Shtnthknutf 
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k wlieri drawing oat, for 
boilermaker^ iitateiid of 
Pig, BOD (ti), are 


hollowed out to a radius and rounded off in the same way 


as ordinary fullers, and are used for cylindrical work. 
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Bottom fuUera are sometimes made with a flange or stop, 
Pig. 809 (i?), which prevents the work leaving the fuller 
when turning over. Fiaiterti, Pig. 810 («), are used for flat¬ 
tening" and Atiisbing plane BUL'fiices, and have perfectly flat 
faces about 8 inelies square, or it uuvy be oircnlar, or rectan¬ 
gular. The set-hammer is a similar but smaller tool,^ used 
for forming shouldei’s^ and getting into corners. Flatters and 
set-hammerH are sometimes required with square edges, but 
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whenever the work will permit of it, the comers of these tools 
should be wolf rounded, to avoid any tendency to start a fracture 
in the work. No bottom tools are required, the face of the anvil 
,doing duty in this respect, Pig. 310 (6). Stooges^ Fig. 311 (a), 
GOUBtitute an important claea of top and bottom tools used 
for finishing work of cylindrical, square, or hexagonal form. 
Pig. 311 (o), or they may partake of the nature of dies, 
Fig. 311 (/), in which collars or other projectiona may be com¬ 
pleted. The top and bottom tools are sometimes united as 
shown in Pig. 311 (d), or by means of a bow of flat spring eteelp 
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Fig. 811 (O' These forms are espeeially suitable for small worls, as 
the aid ofa striker may then be dispensed with, the smith working 
iinfflt-hamledtSAiii is termed. Forwork whiclican be finished under 
the hatnmer, the bottom swage may be used atonej the work being 



rotated daring the operation. The Block, which is 

usually of oast iron, 4 or 5 inches thick, is mounted on a stand of 
cast iron, Fig. 812 (a), or of wrought iron, Fig. 312 {£), and 
embodies a wide range of shapes and ei^es for this purpose. Any 
edge may be placed uppermost, and the holes are used for knock- 
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Fio. 312 .Swage Block and Stand. 
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Dg Dp & hd(ul on tho end of a bar ^bich, after being heattnb is 
Dst strucli a few blows on the anvil to form an enlargement ^or 
iboiiUiei*. 'V\\i} !h‘a<Uit(j 7W, Kig. :(II (r;). is uhwI for the same 
nirpcwe, and in belli in one hniul, Iming placed over the koU> in 
ihe anvil to allow the 
'od *to paKK throiigln 
^fter forming the heiul, 
t iti turned over, and 
;he l)ar knocked out 
'rom tbe opposite side/ 
lieading tool with 
Mpatre shank to lit in 
.he hole in the anvil is 
ihown in Fig. 811, 

\nother form, couibin- 
'ng several sixeK in one 
xjol, will be seen in Fig. 
ilS (k). For 

jmal] work, the hand" 
punch, Fig. 818 (a), 

LB generally em¬ 
ployed, bat when work¬ 
ing with a striker, 
punches of circular, 
square, elliptical, or 
cotter section, Fig. 818 
(ft) and ((!), and fitted 
with handles of the 
same pattern as for 
the tools previously 
mentioned, are need 
over the hole in the end 
of the anvil. Being 
intended for use on hot 

metal, they should possess an ample amount of taper, and the 
catting end should be perfectly dat and stjuare across. The proper 
method of punching a hole is to lay the work fiat uj) 0 n the anvil, 
and drive the punch about half way through from one side. The 
work is then turned over, and the ‘'punching” knocked out 
from the other side, to avoid striking the anvil, and to give a 



Kto. 313.—Siriilh^H T(K>1tt. PunclicK nnrl UriCUi. 
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clean cut hole on both sides, as shown in Fig. 813 (ti). DriJU 
are conical ateel pins, slightly tapered, and of varioaa forma of 



aection, which are used for opening out a small hole made by 
(he punch to the fall aiso required, while maintaining the proper 
thicknesB round the hole, Fig. SIS («). withont and 
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»ith handlefl. Fig, 313, (/) and (</), are employed for cutting out 
:ind atamping circular liOB^ea or similar parts, and are, ^ of 
3 our 8 e, required in a numl)er of dilTerent si^es. For holding 
work, ft large assortment of Tinmn of various bliapes bikI sizes 
fiiu&t be provided, lliey may lie divided broadly into three 
3 I 11 HM 8 , according to the shape of the‘‘nose"" or "bit"' wbieb 
Isolde the work, viz,, ilat, or stpwre, Fig. !U4, (o); round or 
liollow, Fig. 311, (e) and (.y ); and angle orvce, Fig. 314, (/rV All 
kongs ahould he properly fitted to the work they have to hold, and 
diould come in contjict with it throughout the whole length of the 
jaw, Fig. 314, (6), Theymust not he too open, agin Fig. 314, (r), 
nor 3 "et too close,‘as in Fig. 314, (d), or the work cannot bo hold 
jocuroly. To relieve the hand of the smith from the constafit 
pressuie which would othorwiBe have to he exerted on the tonga 
when holding the work, a ring is fitted over the handles or “reins,” 
and may be driven up until tight, being released by a hhw from the 
hammer, or by striking the small end of the tongs upon the anvil, 
when the work is complete, Tiw anvil, or pick-up toiigii, or “smith’s 
pliers,“ Fig. 314, (/t), ale not intended, for gripping work when 
forging, hut merely for picking up ajiytliing, or for tempering, 
etc. They are always ko]it near the anvil, all other tongs and 
tools heing stored in a raijk when not acfcmdly m use. The clip 
Longs, Fig. 314, (i), are necessary f(^r holditig Hat Ix^rs from the 
end, and bill totigs, Fig- 314, (./), uro ubwI fur angle pieces and bent 
work. When forging holt heads, collared ]j[eces, nubs, etc., how 
tongs, Pig. 814, are rajuirod, and several modifications of this 
priuciple are in frequent use when making or i‘epairi?]g hammers 
chisels, liatters and other tools, as shown in Pig. 814, (A). 
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FORGING MACHINERY—POWER HAMMERS—STEAM 
HAMMER8-PRESSES. ETC. 


Fnou the eavlie^tt times attcunpts have been made to 
ecouomlBe )mmau lal»oui* by the mtroiluction of sotno form of 

mocbanically operated 
hammer. The old* 
fashioned ** 
worked by the foot» and 
intended to dispense 
with the striker, still 
savvivea to some extent 
for certain classes of 
work. A modern type 
of this machine which 
has done good service 
in iron plate workers' 
and coppersmith s’shops 
la shown in Fig. 315. 
The hammer, which 
weighs 20 Iba., is raised 
by spiral springs, and 
the blow is given by 
smartly pressing down 
the pedal. 

The same principle 
has been developed in 
a very ingenious 
manner in the paraUel 
hammer invented by 
Mr. W. Blacker, and 
made by the Meobani* 
cal Hammer Co., of Stalybridge. In its simplest form, Fig. 316, 
it is intended to dispense with the services of a striker, and is 
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worked by depresamg the foot-rail which extenda round the 
anvil; but it la also arranged to be operated by power. Fig. 817, 



FlO, nn>,^Far»l)el Hamtaer fuiVont Power, 
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ft verticftl position, and when not nt work, it k thrown back 
out of the way and retained at thn top of itn stroke by moans 
of two powerful Aprin»B. As will be seen from Fiflr. S18, 
the shaft, A, driven by meana of f,ii5t and loose puJIies, B, 
carries a Hywheel, C, m winch is fixeil a crankpin. Jlotiou ia 
imparted to one end of a slotted lever, V, hy a rod, K, aoimactwl 
ton block, Ih on the crankpiii, cusluoii spriiii^s, J and K, being 
employed to give the necessiuy elasticity to Die blow of tbo 
hammer. A dioln the slot of the swinging link, ]'\ ia coupled to 
the parallel motion at ilie hammer by the rod, G, and the stroke 
of the hammer may be adjusted 
by moving the ^lie along "the 
slot. For this purpone the ro<l, 

(r, is held in the requirtjd posi¬ 
tion by ft boll-ci*anli lever con¬ 
nected to the foot rail which 
surrounds tlie anvil. A light or 
heavy blow, or a siiccossiou of 
blows, can thus he givt^n at will- 
by depressing tlie fout-viiil, on 
releasing which the hammer 
immediately conms to rest. A 
unique feature is the lateral 
traverse motion, by means of 
which tlj6 head may be moved 
right or left to any poaition 
over the anvil. At the end of 
the shaft, A, opposite to the 
tly-whcel is a reversing 
mechanism of throo bevel whoBls, driving through the abort 
shaft and the mitre geara the traversing screw, L. The dutch 
for throwing into gear one or other of the bevel wheels, M, is 
operated from the foot pedal seen on the riglit, on releasing 
which the hammer remains in the poeltion to wlucU it has be^n 
moved. 

Power Hammers.—'For much of the lieavier work which has 
to be executed in the smith's shop at the pre^ient day, a power 
hammer, or better still a light steam hammer, is indispensable. 
Several very handy types of power hammer, driven by belt from 
a line of ahafllng overhead, have been evolved, in one arrange- 
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ment, kno^n ab the Drop Hammer^ ft heavy tup is lifted by 
luechamcal meane to auy height within the capacity of the 
machine, and is allowed to fiiU vertically between gnidee, Thie 
U oflfecied in a very aimpiv manner, Fig. 310, by attaching the 
top to one end of the leather Mt, which pasaes round a con¬ 
stantly rotating pulley. Huppoee u force P to he exerted apnn 
the free end of the belt, the tup will be raised by means of the 
friction between the bolt and the pulley. When the pull, F, is 
diBcontinued, the belt sUpa and the weight, W, falls. The 
relation between W and V is given by the equation 

W = 

where e 55 the base of hyperbolic logantbrnn = 2*71H, /*= the 
coefldcient of friction, and () — liio angl($ embraced by the belt 
on tho pulley. Talcing/= 0'4, and Q = 180', it is found that 
W=3‘5I’. It IB therohno evident that tho pull P, which can 
be exerted diroctiy by liand, will sutlice only for very sinaU 
siKes of baniraet. The armngement indicated in the sketch 
is also opon to the objection that tho weight of the free end 
of the belt and the liandlo athichcd to it would occasion cun- 
siderahle friction between the belt and the pulley during the 
fall of the tup, thus reducing the ett'eefc of the blow, and rapidly 
wearing out the belt. 

This is overcome by the employment of a suitably arranged 
lifting tnechaniam, one of the best known examples of which is 
that made by Messrs. B. S. Massey Ltd., of Manchester. 
Fig. 820, (o), is a general view of the lifter, with thu lifting arms 
resting on the buffer, and in figures {h)and(c) tho lifter, viewed from 
opposite sides, is shown with the arms raised. The friction drum. A, 
is keyed upon a continivouely revolving shaft, driven by power. 
It ih encircled by the friction band, B, which is of steel lined 
with hardwood blocks, and which, actiuglike a bjind brake, can be 
mode to grip the drum by pulling the cord, D, attached to the 
lever, E, thus rotating the eccentric, C. When the tension in the 
cord is released, the hand is disengaged by the spring, P. The 
lifting amid, G, are free to rotate in either direction on the shaft, 
and have the friction band, B, attached to them. From the cross 
piece connecUng the lifting arms, the tup is suspended by a 
strong woven belt. A loose pulley, H, made in halves, is 
mounted between the lifting arms on the boss connecting them, 
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and is free to rotate in either direction. The Imffer, J, acta as a 
slop for the arms in the cxtionie position at oithor end of the 
stroke. The iiction is ns follows: WIjuii the cord. 1), is pnirecl, 
the friction band is tightened, and made to gifp the revolving 



IWi^. IjiftiT lor Oi'ijp Mfimmer. 


drum, and the lifting ‘arma, being connected to the hand» rotate 
with it, and lift the tup. When the cord is releiiBod, the spring 
disengages the band from the drum, and the tup falls. A. 
valuable feature of this system is the great sensitiveness of the 
controh which is obtained by auionmticaliy reducing the grip of 
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the friction hand aa the tnp rises. Tho cord, D, is wound round 
the shaft, so that as the arms rotate in the lifting direction, carry* 
ing the operating lever, K, with them, the coi-d is automatically 
unwound, and the tension in it relieved. A consUint pull must 
therefore he iniuutaiued on the cord to keep tlie hand tight, and 
80 prolong Mm rise of thcf tup. If the cord is palled to a certain 
point anrl hold there, the friction of the baud is at once reduced 



KlO. —Uatlory of Ifolor-ilnvrn lJri»|> stamps. 


until it is just sufficient to hold the tup suspended and no more; 
ior if the tup were to rise higher, the cord would at once become 
ahok, and if, on the other band, it were to fall in the slightest 
degree, the cord would immediately tighten, and cause the band 
to grip more firmly. The relation between the movement of the 
tup and that of^the pulley cord is clearly shown hy the numbered 
poaitions in figure (f^), a light pull through a short stroke being all 
that is required to operate a heavy stamp. Hammers of this 
type are made with tups weighing from 3 to 80 cwte., and for 
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stamping in dies they ai-e probably irnequalled. Where a 
number of stamps are required, it is most convenient to arrange 
them in batteries, in rows, the lifters being mounted on one 
main shaft, supported on girdors carried by stanchions. The 
lifters are thus quite indft|>endeat of the anvil blocks, and there- 
fortj free, to a great extent, from the vibration and jar of the blow. 
The luainshaft may be driven 

by hcilting or gearing, or very - 

conveniently from an electric 
motor by mcaus of rt belt to 
preserve the elastic nature of 
the drive. An cjfceedingly tftiit 
arrangement of this kind, as 
carried out by kfessi's. B. and S. 

Afassey, is nhown in h'ig, 02L 
In this case, the 7-cwt. prepar¬ 
ing sbiuip in the centre is 
used for roughing out \vork 
previous to stamping* in dies, 
or for cutting olF ftbiin))ings 
from the bar, whilst left and 
right reh|teL‘tively are 20-cwt. 
and in-cwfc.staiups for die work. 

Friction drajj stamps are 

i)ot su well lulapted for forging 
where blows are required in 
rapid succession. An attempt 
has been made to obviate this 
detect in the Board Htamjf 
shown in Fig.^ Here 

the tup, 1, is securely ful — Vriocipl^Df UoHnl 

attachwi to a wooden board, 

B, which runs between friction roilera, R, R, driven by open 
and crossed belts respectively from the Uno shaft. One of ^e 
rollers runs in eccentric bearings, by pirtlally rotating which the 
board may be nipped between the rollers, giving a ^'friction rack 
and pinion’* action for raising the tup. On rotating the eccentric 
bearing in the opposite direction, the driving action ceases, and 
the tup falls. It is thus possible to allow the tup to fall from a 
greater or less height, giving heavy or light blows as required. 
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When ’working with heavy blows, however, the speed must 
necesflarily be very slow, which ie characteristic of almost all 



Fig. Rtnmp, 

11 ^ 

drop hammers. To economise time os far as possible^ the lift is 
made self-acting, the rollers being caused topresa upon the l>oai*d 
by means of a weight or spring. The blow is given by moving 
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A h^d lever, L, or profiaing dowu the foot pedal, P, connected to 
it, as mav be moat convenient in ivorWing. On releaain^ the 
lever, the weight or spring comes into play, und the tup ia at once 
raised. The lift h limited by allowing the tnp when nearing the 
top of its stroke to strike the tappet, S, which is coupled to the 



Fl(». ^134. Uyilor Furpnu Macl>inc. 

rod, N, of the hand^gear. An fldjuHlfthle catch, whidi engages 
with a rack or notched plate on the standard, isV^vided for 
bolding the tup suspended at any height, to aliow of adjusting 
the work on the anvil In the hammer made by Messrs. 
Thwaites Bros., Ltd., Pig. 323, the weight of the tup varies 
from 3 to 20 ewts., and the velocity of impact on delivering 
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the blow may reach from 2}- to 4 ft. per eecond. With the 
object of increasing the speed of working, it has boon sought to 
manitain a positive connectioTi between the driving shaft and 
the tup, and in tiie second class of power hammm% the crjULk and 


connecting rod ineuhanisju, or 
been generally adopted. This 



its equivalent the eccentric, hiw 
is seen in its simplest form in 
ftynjhuj um'hhu’t 
h'ig, M24, in which a 
numlicr of small liammerH 
working in vertical guides 
are arranged side by side 
in the same frame, and 
are opoiated by crnnkH or 
eccoiitvica on a common 
shaft which is driveii by 
power in the usual way 
(H(;e also section. Fig, 
I32n). The nmchiiio runs 
at a high speed, ^^^d 
is particularly suited for 
swaging or drawing down 
processes as required in 
tlie manufacture of holts, 
and siiuilar small pieces. 
The position of the 
bottom tool may he 
adjusted by a screw to 


yjO. 32^>.--S<.Ttlrt?» of Kjilor Korginp Machine. 


-^ —. give the diameter 

' f Jf . 

• « ro(piired, aud the work, 

which is held in tongs, is 
„ • T, 1 L. • M I. rotated and fed forwards 

yjO. 32/>.-Soriirt?* of lUilor horginp MAcimic. , , i . . 

• by hand, and may be 

passed on from one set of dies to another until the wliole aeries 
of operations is oompletc. For a hummer of any but (he 
smallest Bi»e, a direct connection between the crank and the 
tup is, however, inadmissible, as with crank and connecting rod 
mechanism., th^ irftic/fy of the reriimumtinff jikof at ffte end 
of the, stroke is zero^ whicli makes it impossible to give a 
blow in the strict sense of the term. This will be clear from 


the diagram Fig. (a), in which the crank and connecting 
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rod meohamBm 1 b shown at ABC. The velocity of the uniformly 
rotating crank piu» B, is sot off at BI>, to a scale of feet, per 
second to an inch, and through point D, the velocity circle 
is descvihed from A as centre. Producing the given poei' 
tion of the crank, AB, to intersect the velotdty circle in B, 
a Kno, I>E, is drawn parallel to the conneeting I'M, BO, to cut 
the horizontal tln-ougli C in B. The lUstaneo, CK, then repre¬ 
sents the vcdocity of the reciprocating piece or tup tu which 



C is coupled, anJ may be read off to the same scale employed 
in setting off Bl). Repeating the construction tor a number of 
positionR of the crank, the cnrv's, >1 [KJv, may be <irawn to 
show the variaiioti in the velocity of the reciprocating plgce 
throughout the stroke. At each end of the stroke, JK, the 
velocity is zero, as stated. It is therefore evid&nt that an 
elastic connection must be inserted betw^n the crank 
mechanism and the hammer, which may be effected either by 
means of springs of steel, or of buffer cylinders working with 
compressed air. Suppose the connection to be made by meam 
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find K. Tha len^h of stroke ma 3 ' thus be inereosed to LX for 
which the velocity diagram is LMN, and If OP be tho upper 


i 

' 



FiOi —Spring Pow'vr Hammer. 


surface of the work, Oie velocity Vi of llio tup at Uic instant of 
striking the blow may be meiisured off to the intersection of OP 
with the curve. 

In the Shau! Hammer, Fig. 3i27, largely used for light work 
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such as forging knife blades, cutlery, etc., the tup Is suspended 
by strong leather straps from the ends of a steel plate spring of 
almost semicircular form, which is coupled directly to a crank 
iiMwhaTUdra driven by power. This type of. hammier is capable 
of working at ii high speed, aud in proportion to its bikc, of 
giving very heavy blows, but tho intensity of the blow cun o,i1y 
be varied by changing tho s^d of rotation. 

A good example of a hammer of this description, built by 
Messrs, A. Eiughorn & Go., Ltd., of Todmordeu, is ilhistrated in 



Pw. 8S0.—Principle nf Spring f.evct Hammer. 


Fig. d28. The tup weighs 50 lbs., aiul the hammer will give 
from lOO to 80G blows per minute, control being effected by a foot 
treadle acting upon a clutch motion on the driving shaft, as will 
be seen from Fig, 321). The ends of the spring are connected to 
the head or tup by means of toggle links, which tiiieiue flexible 
working. The anvil faces are set at an angle, so that long bars 
may be dealt^ with. The bammer requires about f H.P. to 
drive it 

A Tnodifioation of tbis type of hammer in which a Sfirinff lever 
is employed is shown diagrammatically in Fig. 380. The lever 
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ia conatmcted in the form of a jiluli; spring, with fch« hnulflo 
as fulcrum. One ond of this apring is comieclcd hy links to tlie 
tup, which slides in vertical gnitles on the front of the standard 
or frame. To the othov end of tin; spring ia couE^Ied the connect¬ 
ing rod, wliich receives motinii from a craiiliKliafi driven by helt 
in t1io ordinary mimner. The throjv of the 
orankpia or occeutrio may ho udjnsicMl, and in 
this way blows of varyiitg inlonsily may l>o 
delivered. Suppose the tup to }>r-In contact 
with the anvil, tlie crank end of the sjiring 
is just coniuiRneijtg to move downwards, 
liefore the tup hegiTis In rise, holh ends of 
t)ie S])ring will lamd downwards until the 
inertia due to the-weight of tlio tup is ovor- 
come. Towards the end of the stroko, t]]o 
crank end of the spring is moving slowly, 
allowing the oppijHito end to straighten itsidf, 
thuB iticreasing the velocity of the tup. Wlierj 
the cra?ik end coinuioncos its ui)wurtl sLrolie, 
the tup in still moving upwsirds, and is 
retarded and Jimtlly brought to rest hy liond- 
ing upwards its cud of th<5 s})ritig. Wluu\ 

Iho whole of tlie energy previoiisly stonsd 
np in the moving mass him hrc]i tninshirred 
to the spring, the tnp is fnsi to fall, its 
velocity being due not only to its own weight, 
hut also to the pressure exerted hy the spring 
in straightening itself, and a powerful Mow 
is delivered. Home deterioralioii of the spi ing 
IB liable to occur «ou accunnl of ilic rapidly 
repeateil and alternate Injudhig U) which it 
is Bubjeefi, and fracture nuiy result from tliia 
cause. This led to th'3 inli-oducliim of the 
PiieiHiuUh Fig. yyi, in whicli tlie tup is attached t# 

nil airtight piston, worjiing in a vertical cylinder wbicli slides 
between guides, and is driven hy oraiik and connecting rod 
motion from the shaft of the machine. ])urin|^ the ujiward 
stroke, commencing with the tup resting ut)on the anvil, a 
partial vacuum in created above the piston, and the external 
pressure of the atmosphere rai cs the tup. Bcfoi'e the upstroke 
u.r. o 0 
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(lowiiwnnla with couBidGiable viilucity, giving fh hetivy 

blow. An nir valve opeiiH out n eomiuunication lietween the 
eiitU of this ctylitidcr, and eiialiloB the pvesiinvG of the air to be 
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regulated to Biiit re^juireuMuits* Vihan llio valve i» clotwd, the 
full presauie is inaintaineil, ami tho lieaviesl l)lo\v« ni^e ileli> 5 jired, 
hut M'itii the vulvfi fully upen, Llu! ait* is [xuiuiltml to escape, and 
the Jmuinior euiiKea to woflt. Jilows of any dt'i^ree of •intensity 
lielwoen these limits can therefore he obtained by merely opeii- 
iif^ the valve h) the desii'o<l extent. This device permits the 
speed of working to ho varinl ladwoon wide limits^ say from 
10 to !10() blows |rtirminute. The rolation of the vertical spindle, 
to which the valve is fixed, also applies a laahe tu the tup, ho 
that the latter may ht held at the lop uf its strnko until the work 
has been adjusted on the anvil, the air escaping at the upioi 
valve iiieanwliife. • 

As ordinarily constructed, the siiction-lifled hammer is ftwddi* 
and sluggish in \U action, and the tup must fie light in prqmr- 
lion to the cylinder diameter. This is due to the fact that 
suction and pressure follow each other in the same cylinder, the 
tu|), as explained, being raiseil by suction and thrown down hy 
f)i‘essure. 'Dm suction in lbs, per stpuire inch must necessarily 
be very Hiuall, as W'hen the vacuum is greatest thero iiiuat still 
1)0 Huflicient air iwcfient to give the pressure for throwing down 
when the pump leversee. Bimilarly, the presame for throwing 
down can only he lc)w,other>Yiso the unction uti the return stroke 
would be too feeble to lift at all. Messrs. B. and S. Massey, Ltd., 
of Manchester, have introduced a pneumatie power hammer in 
which the <lGfectB liained are obviated by the employunrnt of a 
separate i)um]), operated by crunk and cotmecting rod from 
a power-driven shaft carried in Imaringa ut tlie rear of the 
statuhnd, as will Iw seen in h^ig. iJ32. Tfie method of woij^ing 
is exphiiniid in Fig. U33. The cylimlevs am) vtilvc chamber, with* 
tlie passages connecting them, aro ahowu in section at (a), (I/), 
and (c). The passage, A, establisfieH ccunmuiucatinn between the 
top and bottom of the pump cylinder. The top*and hottora ends 
of the pump and hammer cylinders are connected hy means of 
the passages B, and C, respectively. The valve piece shijwn 
separately lU <d), contains two valves, each consisting of a tlrin 
steel disc, closed by a light spring. This valve piece is controlled 
by a hand lever, which may be moved into the positions 1, 2, 3, 
and 4, in Fig. 334. Tn position 2, the passage. A, is fully open, as 
at (w), and if the pump is running, the air circulates freely from 
top to bottom and vend, without afecting the hammer. 

a G 2 




Ab the lever is moved from 2 to 8, the passage, A, is gi-adualiy 
closed, and a portion of the air is forced alternately through the. 
pasBogea B and C, raisinir and depressiog the hammer piston. . 


Fio. H53.- Details* of Cylinders and Valve Chami^ci.—Vncunmtlc Power Kaaimcr. 
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When poaition 8 is reached, A ia closed entirely, and the whole 
of the air is forced into the hammer cylinder, Ihua giving the 
maximara blow. In position 1, tlie emnll valves in the \'alve 
piece are bioughi* into operation, allowing air to ph,sa down 
passage A on tho up stroke of tho pumj), and along ]ia8SAge C 
iiUo the hammer eylmder on the .down Htroke, but not in the 
opposite direction. I'he lower part of tho hammer cylinder 



is thus filled with compi'esaed air, and the hat/imer ia held up ’* 
at the top of its stroko. Excessive jireseure is pi'evente<l by 
allowing any surphiB air not retjnired for Iiolding up to escape by 
way of the passage A< In position i, the action ^ reversed, a 
paHial vacuum being formed bolow the hammer piston, causing 
the hammer to be buhl down £rm]y on the anvi?, and enabling it 
to be nsed as a vice.> 'J'he hammer is thus controlled entirely by 
the movement of one lever actuating a single valve, and heavy or 
tight blows may be struck at will. In the Mnsscy hammer, as 
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shown by the iridiciitor in as the pump piston 

approaches encii erul of its cylinder, Iho other end is Hlled with 
air at aiuiOKphoric prf^ssuro, and consetiuently as soon as the 
motion is rovrirsoil, effeetive prt^sfiura is produced to force tho 
hammer pistoii in tiie opposite direction. The haimiier enn 
thus bo imule as powerful as'the steam immmor of e<jiial fallinp; 
weight working with a Hte<im prossuro of (K) ibs. per s<]iiar8 inch. 

The Steam Hainmer. There would socm to ho little itouht that 
fur general work the slcaiu hammer, although wasteful in regard 
to the amount of steam consumed, is nnap^u'oaclied for ada])!' 
ability, ease of niamriivring, and freedom from hrcakduwn. Tn 
the original steam hammer invented hy Nasmyth, the steam 
pressure was employed solely in lifting the tup, w'hicli, on 
oTihansliug the steam, was allowed to fall hy its own weight 

INDICATVK UIMIKAMS TAXI'M FUtMT A j CWT. TIAMnVIt. 
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merely, or in otlier words, Ihchauimer was single-acling. It was 
soon found that hy worlting with tnp-sUam, the velocity of fall and 
therefore the forcjo of tho blow, could ho considerably increased, 
especially in the case of hammors of small und mo<lerato siKee. 
Ihib the practice still remains of designating the si^^e of a steam 
liamraer by reference to the weight of its failing parts. TJius, 
a very convenient size for general use in the aiiiithy is a 10-cwl, 
hammer, which means that the piston, piston od and tup com- 
plete weigh together 10 ewts. Forge hammers vary in size from 
4 tons up to 60 tojis or more, hut the larger sizes are now being 
displaced by foi'giug presses, for reasons already explained. The 
application uf “top sleani “ haff led to the introduction of a 
most effective tyj)e of (luick-acting steam hammer, cajjable of 
giving 400 to 450 blows per minute in the smaller sizes when 
automatic gear for working the steam valve ia employed. "With 
a 7-Gwt. hammer working with st( am on both sides of the pistoji, 
the velocity of impact is probably ten times as great as that due 
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io gravity alone, and as the energy ntorod is pi-oporllonal In tlic 
square of the velocity, it follows tluit to deliver a blow o{ llie 

7 X 10 X 10 

same intensity, a single-acLiiig hainiiior of —‘ojj-= Ions 


would be required. 

•Much linabeen written conceniiii^ the "yhirr tiffhc Wrw," and 
the etinivalent “ fJcodl jn'mmw** Exi>erimeiit lias proved that the 
effect of steady pressure is, however, not at all tlie same as that 
of a hUiw. To produce u given change of sliupe liy means of iv 
blow requires, as a rule, a much greater e-vponditure of energy 
than by steady proasure. In either case, much depends upon the 
nature of the whrk and th(f lime uccupletl in ita actual ])erf(»rm'> 
aiiee. The work done at one blow occupies an oxceodingly abort 
apace of liiiio, and the resistance due to the diaturbmicc of the 
ninlcculoH of tho Hubstance operatisl \i])Uii, is consoquontly much 
grantor than that offered to a stearly presaurc acting fur a much 
greater length uf time. With steady }m'HSUi’e, work is done at a 
velocity of fvntii O il feet to 3 feet per sw^ond, and by a blow, as 
with a hamiiior, at trom 10 feet to JIO feet per aewuid. The 
greatly reduced velocity iu the first case, renders it poBsiblo to 
tranhiuil tlie eflocts of the prossure into iho very interior of a 
piecru of work of large diameter, thus causing a uuifonn flow of 
the metal. A blow, on the other lmn<l, by reason of its short 
duration, makes itself felt on the exterior only, tho effect scarcoly 
penetrating to tlie ecnitre. Kxperinmut has demonstrated, that 
the same alloration of fnrni is produced with tho samu expendi* 
ture of work, whether a heavy weight falling from a small height, 
or a small weight faUiiig from a greiitsr height, is employed, 
provided that the product of weight into height remains the 
same, i.v., W x h — a constant, the v(ilocily of iin])act, v, being 
= V2 tjh. It is, of course, essential lIuiL the objoels ojleraled 
upon should b*i exactly similar, especially as regards tlie shape 
aud extent of t\ie surface upon whicfi the blow is received, as the 
depth and configuration of the iinprOHsion produced u^wn a^fUt 
aorfrtce differs altogether from that given to u Kiirface of rounded 
or irregular form, th*e energy of the blow lajing Iho'saine in each 
case. The duration of the blow has Ifoen tho imbjoct of much 
investigation, and it haa been proved beyond question that the 
time during which contact takes place is extnmrdinavily abort. 
A moderately smart blow upon the anvil with an ordinary hand 
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hammer <Ioqh nob last lor^gar than (yOOG^? seeondi and b heavy 
blow prolifOily nob more than O'OOOPJ second. The time of 
contact ih luuloubtodly Icks the grenler the velocity on striking, 
The nature of tho material operated upon is naturally an 
important factor. With soft metal such as lead alloy, Kiscliei’ 
found that tho time of contact may amount to 0*05 second, 
with copper O'OOri second/and when forging miid steel 0*001 
second. Ipi any enso, the duration of the blow is bo exceed¬ 
ingly small that the resulting pressure must of necessity be 
enormously great. In practice, a fur from negligible ptudioii of thu 
total energy dovoloped is waBtcd in producing vibniliou of tho 
anvil and (onndntions. The blow of a heavy steam hammer, 
as is well Itnown, iimy bo felt some distance away, and the 
mechanical work expended insetting up vibraLions c)V(?r such an 
oxtensivo area must be very considerable. The dogre(i of pene¬ 
tration of a blow has Iteeu sliown to dc^pend upon tho time of its 
duration. It follows that where great peueiration is re<juircil, a 
heavy Immmer falling tlivmigh a small height will he most effec¬ 
tive, whoresK if it l>e <teKirtHl to operate 6ii t)ie Hiirfaco only, a 
light hammer moving at a high velocity will ho found preferable. 
The sixoand weiglit of the hammer should therefore he carefully 
chosen to suit tlie nature of tho work in band. 

To estimato tho (itTcci of tlie blow, either tlie space moved ovoi* 
after striking the work, ij\ the depth of tho indentation = d feet, 
or the time during which thu tup and the work are in contoct 
= t soconde, iiiiist bo known, and in pmctico these quantities am 
both extremely diflicult to obtain even approximately. When the 
depth of the iTulentation is known, the [iressure may be found by 
the*" well-known formula, in wliich W = weight in tons of moving 
parts of bi:.mmor, /' := velocity of Impact in feet per second, d = 
depth in indentation in feet, V = maximum total prensuro ou the 
work in tons, F = average total preesure on w'ork in tons, ff = 
gravitation unit = il2'2 feet per second, H = space fallen through 
in feet, t = time occupied in making indentation in seconds, fi = 
time of lift it] seconds, aiid ta — time of full in seconds. Then 


.\V/> 

energy stored up in falling weight = , and energy absorbed in 

Wi-* W..3 

the blow = Fd. ThereforeFd = - and F = cTj’- Assum- 

2 ff 23d 

ing the intensity of pressure tQ diminish at a uniform rate bb the 
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work IB absorbed, P = 2F, a ratio wbich is not likoly to be 
exceeded, but which depends largcl}' n[toii tin* elaKlicifcy of the 
niatcnal. If the duration of impact is known, then moiiieiituiii 


\V?i 

= F/, aiidF = 
9 


y\r 

i/t' 


kating of Steam Hammer.—In,practice, jnjtkcrf; Boinetiniea 
specify tbo })ower of a stGivin Ijaimuer by reference to Home 
arbitrary rule for calculating tbo “ force of iinpacti/’ which, ittoneT 
such case, it is statod niay be found thus t— 


Apprffxiiimte force of inijjact = IV X v X 8, 

ill wliicli, IV — total falling weight ui tons, obtained by svdding 
to thoaetiuil weiglit of the parts tlie ateam pressure on tbo pintou, 
r = velocity in per second = H Vstroko in feel, and 8 = n 
cnnKliint delHrinined by experiment. Tlius, for a 2^1 cwt. 
hammer (u\ one in which tlio weight of the pinton, piHfcon rod 
and tup := 25 cats.) having a Hteani cylinder ll> inches dia¬ 
meter X 8 feet stroke, and working at a mean sioam preuHure of 
50 lbs. per square inch, 


,,, 25 . It) X 10 X •7H54 X 50 _ . 

'^ = 20 +.^>10- ■- = 5-7at™. 


and the ajjproximateforce of impact is then —5*78 X 0 X V8 X 8 
= 2d0 tons. It is not quite clear what useful purpose is sorvod by 
thuH attempting to arrive at the “foree of the blow,'* It is Home- 
times, thiiugh erroneously, assuiufid that this Dgure may Ixj useil 
for comiuiriaori with a press capable of doing tfie sanio worL 
At best, it can only l>e regarded as a eouvonient oxpressioi^for 
tlie nimiinal power of a hammer, and it is practically iim)0H8ible 
to give any formula capable of furniBliing definite information, as 
the following example wKl show. A 5-tou steam hanuner has a 
cylinder 27 inches diamctoi, with h sfcmko, S = 5 feet, and the 
moan effective pressure of steam is 70 lbs, per square inch. The 
force producing acceleration of tlie liammer is equal to the sum 
of its weight and the total steam presanre on the piston, or 


Acceleration s=: = ~ X 82*2 = 147*4 ft, per eec.per aw. 

XJIiiDD v 
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Then velocity of the moving parte at end of stroke = v may 
be fonnd from the equation = 2/ B» i.c. 

t? = V2 X acceteratum x stroke — X 147*4 X 5 
ss ^1,474 = 38'4 ft. per sec. 


Now momentum = =. 

9 


5 X 38-4 


'blow F =s change o! 

\\v 


32-2 
momentum per 


, and average force of tho 


sec. = momentum 


-7- time in secs. = 


{ff 


To proceed further^ it is necessary to 


know the timei during which the hammer is brought to rest 
after first coming in contact with the metal. This will vary very 
greatly according to tho material, the uroa and shape of the 
surface which receives the blow, tho temperature at which the 
operation is conducted, etc., so tliat it is extremely difficult to form 
even an approximate estimate of the duration of the blow. It 
may be said tliat tbe time may amount to anything from 0*001 
to 0*007 of a second, according to circumstancoB. Taking the 
former value 

^ = -sir- - 0 001 = X O-UOl = 

If, however, the latter value of i should prove correct, the 
average force would suffer a considerable reduction, and would 
only amount to 853 tons. 

Again, it is flometimes proposed to calculate the ** force of tho 
blow *' from the amount of energy stored up in the moving parts. 

- . \v,a 

Thr kinetic energy of the falling weight is known to be = . , 

A^f 

which, at the instant of striking tlie blow = ■ 

Z X n.a*!a 

= 114*5 fool-tous. It is next assumed that this energy is 
expended over a distance equal to the depth of the impression or 
indentation pi’oduced hy the blow, which, expressed as a fraction 
of a foot, may be written d. If F = average force of the blow in 
tons, then the work done in producing the impression referred 
to = F X d, which is assumed to be equal to the kinetic energy 
stored up in the moving parts, when P X d = 114*5, or F ^ 
114'6 
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It has been Rtated on good authority that for a hammer of the 
b5x(* referred to, and at tlio correct bBniperature for forging, 
niay lie aasumwl that the inoving umaaea are brought to rest 
within a space of IJ'incli = Jil foot. The average relArding 

11.OK V Qi? 

force# would then be — 114’5 =-= H15 tens. 

, 1.0 


But liere again an almost unsurmonntable dilUculty arises. It is 
prol>ab!y wrong to assume that the whole of the space of If inch 
CJH 1 be utiliseil for theconipreasion of the forging. The elasticity 
of the foundations nnifit absori) a considorable portion of the 
work (expended in the blow. Experience has in hurt shown that 
probably at le^tatone-tliird of the work is lost in setting up vibra¬ 
tions.* This would leave for the case chosen about 1 inch for 
useful deforniation «{ the forging. It will be seen tliat in the 
absence of reliable data, a correct treatment of the subject is 
scarcely iiosKible, The liest that can bo done is to express the 
energy expended in the blow in foot^lbs. or foot^tous calculated 
for the Instant of striking by taking tbe product of W (us found 
alxive) and the lengtli of stroke in'feet. 

Any calculation of the pressure equivalent to a blow is there¬ 
fore of little value, but in a certain case an attonijit was inatie to 
deal with the matter in the following manner. Two exactly 
similar copper prisms 1^ /- inches square X inches long were 
prepared, one of w'htch on being subjected to the most powerful 
blow which could ba delivered upon it by a 12-cw't. steam 
hamuior, was found to have been shorteiidd inch. The second 
prism wae then placed in the testing machine, and ex^ioBed to 
gradually increasing pressure until shortened tu the same exteitf. 
The total load registered was found to be tons. This is 
lunch in excess of the rule quoted above, wliich gives for the 
approximate force of impact (= W X u X 3) ^ 80 tons only. 
The energy at the instant of striking tho blow found to be 
5 foot-tons. 

It is of considerable interest to investigate tlio relation which 
sliould exist between the total i>resBure on piston and weight of 
moving parts to render possible a given speed of woAing. For 
this purxiose, it is convenient to express the total mean pressure 
of steam on the piston in terms of the moving weight. Thug 


* Paper oo Power Forcing by Cicrdan and Meata, Amerlcari Sou. Nccb. liugiiieen, 

mi. 
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takiaf; underside of piston, total mean pressure Fwmay be written 
= «i W, when the total force acting upwards = (?it—1) W, amt 
the acceleration due to it Similarly for the top 

side of piston, the. total mean pressure, Vt = tt <2 W, the total 
force acting downwards =(/ia4-l)W, and the acceleration 
during the fall —(02 Inserting those values for accelera> 


tion in the usual formula t 



the time ^ ti seconds, taken 


for the upward stroke — S foot, may bo found thus— 

ti = 4 / ■/ and the time of fall, fa =: 4 / / ■ 

V (m — l)t/ V («a+l)j7 

In (|uick-acting bammers. it will bo found that— 

With \V up to 3 cwU., and for 800 to -lOO blows 

per mimile ..Pw =: fi to 8 W. 

Willi W np to lOcwtfl., and for 150 to 300 Idows 
]ier minute . , , , , . . P« = 4 to 5 \V, 

For larger hammers, of from 10 to 25 ewts. , = 2'5 to 3 W. 

Ditto, of from 3 to 5 tons . , . . 1^« = 1*H AV. 


Taking for example, the lO-cwt. double-acting steam bamiiier 
by Messrs, Thwnifcos Bros., Ltd-, of Bradford, the dmmeter of 
cylinder — 12 inchoH, and of piston rod — Sincdies, the longthof 
stroke being 27 iiudu's. The areas of top and bottom sides of jiislon 
are therefore =118 and 01 g([uare inches respectively, and ns the 
hammer is intended to work with a stoam prcsiAuro of (JO lbs, per 
94X60 „ , 113X60 « 

stpmre meb, m = “‘""^“lo'x'l 12” 


v’nrd stroke will therefore bo made in a time (i 


/ 3 X 2-25 

V (5-1 


(5-1)32'2“ 

. 0*187,orsayabout-j^second,andthotinieoffnlf-, 

— 0*141, or m\j about | second* Tlie time taken to make a double 
stroke is therefore 0*187 + 0*141 = 0*328 second, and tlie number 
of blows per minute when working self-acting will bo 60 4- 0*828 = 
180, The velocity of impact = 0141 X (6 + 1) 32*2 = 31*7 feet 
per second, which, as will be seen, is seven times that due to 
gravity, and the force of tlie blow will be forty-nine times as ' 
great as that due to a weight of 10 ewta. falling freely. A elngle- 
aoting hammer of the same power would therefore weigh 49 X ^ = 
25 tons. 
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TheHgby, or single standard type of hammer, is most snitabie 
for general work in the mnithy^ the clear space round the anvil 
being a giewt convenience. 'Pig. aSU shows a 10-cwt. haiiiiner of 
this pattern, made by Messrs. Thwaitea Bros., Ltd., of Bradford, 
which has been largely adopted for the lighter kinds of engineer^ 



I'IC. :iJW. Ifl-fwl. nijjliy type Slfcvm Tlntiancr. 

• 

work. The valve gear is arranged for self acting and hand 
working, and to give long, short, heavy, light, or (fead blows 
as required. In this type of hammer, slides for givdiug the tup 
are dispensed with, in order to allow as much space as possible 
for handling the work. To obviate any tendency to turn, two 
flats are planed on the piston rod, and the stuffing box, which is 
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made very deep ft»r the purpose, and ie of the same shape as the 
rod. serves ns a guide. Caro muat be taken that the foundation 




Fj(t. :W7.—I'outhliitiniix for Stiwn Homnicr. 


for the anvil Hock is entirely separate from that of lhe,'fianmier 
Each part should rest upon a limbei’ frame * interposed 
between it and the bed of masonry or concrete to which it is 
aecured, as shown in Ftg. 667. Vhe anvil block cast iron, and 
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itfl vfiigUt should be fvbout eight tiuiea Ihet of the moving parts, 
the foundation being correspondingly Urge and heavy, Theiup 
and the anvil block are provided with dovotaited receases in 



which the dlca or"palleUR" are fixed by means of fiat keys or 
cotters. The palletta are made of tool-steel, afld usuatty have 
fiat faces, but these may readily be changed for "tools’* of 
other shape tf req.uired. The hammer is provided with Messrs. 
Thwaites* patent automatic cut-off gear, Fig. fiBb, which 
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mables conBider&ble economy in dteam to be effected. The 
itenpi stop valve, 11, is operated by hand lever, I, moving over a 
luadrant. The valve, A, for controlling the admission of stoam 



to the cylindor, must be balanced against steam proHsnro in order 
that it Tnay be moved easily by hand. It is therefore made in 
the form of two pistons joined by a tube, connected to which by 
four wings is the central boss for the valve spsjtdle. Live steam 
is admitted to the space between the two pistons, and according 



















STEAUr HAMMIER. 


465 




^ m 

fil k! 


rO f 

\\'i .J 


to the position of the vatvOp is allowed to eutor either tho top nr 
boitotn ateion port, as the case may l)e. The Hleain is exhausted 
into the valve chest, and Tiseapes through Imllow valvO; and 
out at the exhaust pipe at the to]i. Tiie pisto!) valve is moved 
directly hy hand l)y means of the lever 1^, a inovoinent beitip 
rerjnired for each blow, and with a skilful driver, the iiiteiiHity of 
the blow may be varied within very wide limits. On raising the 
baud lever, L, steam is ii4lmitte<] helow tlw piston, thus Uftitig the, 
hammer, and when the hand lever 
is depressed, “top” steam is ad¬ 
mitted above the piston, to give 
the downward stroke, TlieHripper 
lever, G, on the samo sliaft us L, 
is uiovod by the tup when the latter 
is near the top of its stroke, thus 
closing the working valve, A, and 
preventing the possihility of the 
piston fltriking a heavy Idovvon the 
cylinder cover. The patent rnfc-ort’ 
gear (Fig. is fitted with the 
object of reducing steam conKiimp- 
tion hy working evpansivedy during 
both strokoH. This is clTeetcd by 
means tho seml-rotating or 
Gorlisa valve, B, operated by a lever, 

F, to which motion is iinpartwl by 
tlie tup. When the stop valve is 
open, steam under full ])re8surG is 
constantly admitted to the port J>. 

For lifting, port K is coiilrolloil by 
the working vaUe, A, from port D. 
top of its Btrulie, lever F moves tho cut-otT valve, Ji, to the 
position shown in »/:)» which opens Llie pt>rt C to full pressure 
from port D. On raising the working valve, A, sleuin is admitted 
to port J for striking the blow. On tho descent of the piston- 
lever F moves the <A]t-oi! valve, 13, to tM>sition slfowm iit (a). 
When the piston has made aljout ludf stroke, ^{oam is cut of! 
from port J, and no more can be admitted unless the working 
valve. A, is raised to the position for “ holding down ” shown 
in (b). For holding up the hammer at tlie top of the stroke, 
u.T, n H 


JSi 


11 


'i-- 


h'lO, jji'nffl'r 

« 

As the piston vIhcb (fo the 
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valve A in mnved into the poaitioir shown in Hammers 
above 10 cwts- aro made with hand-worked valve motion only, 
hut IkjIow that sizo, are usually fitted with bath hand-worked 
and self-acting gear. Tho latter permits of coutinuouH working 
at a much liigher rate than is possible by hand. A simple 
form of self-acting gear made by Messrs. 13. and S. Massey, 
Ltd., of Manc-luister, is shown in Fig. S40. Tins consials of the 
doiibled-armod tappet lover, J, W'orking an a movable fulcrum, 
0 , the re<i«ir(Hl motion Iwing given to the curved arm during 
the upslroko by the friction roller r>n the tup, The short 
arm is connecU^d at 1\ to the valve spindle, F, and also to a 
strong spiral spring, L, which keeps the cim^ed arm constantly 
prosBe<l against the friction roller. The fulcrum of the hippet 
lever is carrie^l upon the short am^ of the (juadrant lever, M, 
which may be held in any j>asiti(>n on the notched sector, P,N. 
In this way, tljc fulcrum may ho moved until only the sfcraiglit 
portion of thelongarmof the loveria presented tolhefrictio!i roller 
on th(i tup, or until it is clear altr^gether, in wliich latter position 
the hammer may bo worked by hand, as previously doscribed. 
For tho most rapid rate of working, with the full travel of tim valve, 
the lever Tniist be placed in the position N, from which it may 
he gradually “ n<Jlched-up,” reducing the travel of the valvo 
more and more, and therefore diminishing tho number of blows, 
until tho pf^sltiou V is readie<l, when ilie self-acting mechanism 
is out of gear, and no movement of tho valve tiLkes place. For 
hand-working, the valvo is uiovf-d direct by means of the lever Q. 

Steam Stamp.—A special form of steam hammer is sometimes 
ueod for stamping in dies. As the hammor is double-acting, it 
has* i>he advantage that blows can be struck more rapidly than 
with a drop stamp. Fig. 841 shows nn example of a 10-cwt. 
steam stamp by Messrs. Thw'aites Bros., Ltd., of Bradford, which 
has become known as the Enfield type, and is extensively 
employed in the production of all kinds of stampings Te<iuired by 
gunsmiths, makers of textile and agricultural machinery, bicycle 
and motor makers, etc. The double frame gives great rigi^ty, 
and enablea the tup tc be accurately guided in V slides, which 
are points of considerable importance in die forging. It will be 
noticed that the anvil block is cast solid with the bedplate, so 
that when finishing dies are used, absolutely correct alignment 
of the die faces is eeanred. The design also provides ready 
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acce&5il>ility. and affords ample space round the dies for manipU' 
lating the work. In one form of steam stamp, thv pistoi^ rod 
passes tl^rough Ihe top fa^dindor cover, nii<l is provided with a 
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volute spring huffer to take up the rebound (if the tup after 
stamping. 

Hfrt Saw. —For cutting off bare, cutting out gaps or sweepe, ae 
in the case of crankshafts, etc., a very handy and almost 
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indif^penBablo tool for tbe Kinith's »hop in the hot saw, an 
example of which, made l>y Meswra. T. Uyder & Son, of Bolton, 
ia given in H-lii. The bhw is uBmilly about 3h ineluis in 
■ diamelor, uml the Hpindle iti arranged to run on ImM bearings. 
The work leHts in V hlncka on a hUiIc, which ie fed up to the miw 
by hand lovrr, ' 

Toola for Steam Hammer Work, Fig. 3 13. -These gmionUiy 





resemble the itiola used for hand work, but must \>q more 
accurately nmdo and lilted, as they aro not only intended for 
heavier work, hut have to withstand coneiderahly more jarring. 
’ Tonffis must have jaws of the aniue shape os the work they 
have to hold, and must grip tlie same on all sideH, Hence Hat 
jaw tongs canimt ho used, as they would twist on the 
work and uUinnilidy slip off sideways. The correct shape for 
heavy work is shown at (a). The finmmti’ CltM is made of 
toot steel with a mild stee) handle welded on, and should bo 
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m 


rtlmped (fi). .V t»vliiiu lunnuut of splili^f slmulil Im (;ivon to 
iliti brtiullo by libintiii)^ out ncnv tlio uulLvr, which iiiipht *>IIiol*- 



wirtB be broken oil. The edge of the chisel niUHt l»e squiire, as 
fcieen in the Kectum, and nbould never be Bbarp either on one 
or both flidoa. The method of iiMing in nhown at (ir). ChiHOk 
are made of various shapes for special work, and a useful 


Flc. iJa—^Toi>l8 for Bieum Hammer Work, 
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modification is the shouldering or hreahing downtool, 
for uomtneticing drawing down operations, as nt (d). ¥or 
drawing ^down taper, the fttUeriiuj tool shown at (f^) is used, and 
for shouldering work, or for reacking parts below the upper 
surface, various seitt, (/) both parallel and taper, are i'C({uir^d. 
Swof/fH for the smaller sizes -.tre made with a spring handle, and 
are known as clapper swages, as at (f/), the larger sizes being 
preferably separata as top and bottom tools (/e), either of which 
may have a handle for holding u(Hor the.liottom block may be 
arranged to slide on and oiT the anvil pallett without being held 
when in us(^ Fig, (t) shows a niu^lr pip uticufc u^ed lji coiubina> 
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tion with a V block for finishing work. Hammer Punck^s are 
simply plain ta^)ering pins of tool steel, as shcrt and thick as 
•possible, having a groove near the upper end round which a 
handle of ^-incb round iron ia twisted (j), or may be made in 
springy form, (h), Circttlar cutta'a or which resemble 

annular punches, are used to form bc«ses on fiat pieces. 

An outfit of tools as recommended by Messrs. B. and S. Massey, 
of Manchester, for use with a lO-ewt. steam, or pneumatic power 
hammer, is shown in Fig. 344, in which A, B, C, and D, are 
plain spring swages for round iron or steel; B and F ai'e top, 
and G, H, and 1, bottom aw'ages, used in pairs; J is a special 
anvil pallett, for holding single bottom swage in position, a ring 
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surrounding fche swnge beiii^ dropinnl ovor tfu^ fimjectinn on iho 
pivllolt; Karo spring neeking tools; L uro nobliler.s or llaUrlng 
tools ; M is a hot ciittor or kiiifo ; N is u cold cutter ; uiid 0 is a 
V'tool for shoiiltleriftg. • 

Much uee is made of Bfoi’h for beiitiiiig^ as at(/), Fig. 
both for straight and carved work, ^specially a uumlicr of 
pLCceB of the same shape are reqiured. Such blocks may bo 
inndo of good ordinary cast iroji, witlmut being macliined, aruk 
tliH handles may bo of A-inch or iJ-i}icb round iron strewed in. 
An oxtension of this principle learls to whnt is know'n as fhop- 
foryiuif or HtampjHfj, a process unicli used (or producing in large 
quantities parts of smalf arniSj sewing iniudiincs, bicycles, 
tiQginoore’ tools, etc., which must necessarily i)o extremely 
accurate as regards bulb i»/,e and shape, forgings are 

made between dies, Fig. H {in), one of which is carried Ijy the 
tnp, the other l»eing securod to a very massive anvil Mock of 
a Hpedal haninier (seo Figs. H'JO, :i‘2t, il*Jd, and lUl). Tlio dies 
arc made of tool steel cut out of tlio solid and liai'ilened, so tlmt 
when }ducQd together, a cavity is left having thcj exswt shape of 
the article to be produced. Although the hist cost of ** .sinking ** 
dies may bo conBidorablo, the method is found to be extremely 
econoiuical whore large qiiuTitilies are required. 
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CLASSIFICATION OF OPERATIONS IN FORGING. 

Work performed by tho ftniitli nmy lie sanid to oonstKt of a 
tiombiniitum of two or more of llie foUowiiig simple operiilkma : 
(1) llpaeltiiig nr "'jumping up/' (2) Drawing down, (8) ^letting 
down, (4) Cutting out, (i5) Bending, (8) Punehing and drifting, 
(7) Woliling or " sibutting,’* iiml (H) Stamping, All thewe 
operations aro eaiTiod out witlt the inetiil in & heated condition, 
which must he maiiilained by Inking a fresh heat” when the 
work shows signn of gelling cold. The proper tcini>eratiire for 
fiu'glng itvni in that known as a briglitr red” heat, and by 
taking the work from tlm lire fr<ini time to time wlie^i heating is 
going on, this may bo recognised by theeyuwitli a little practice. 
Mebd should novor l>e workoil at a "‘blue” heat, or about 400^ 
to nno' F., which is not vi^ililo in tiie dark, ns at this temperature 
a jieenllar brittle condition Heem^rto lie induced. 

Upsetting is the operation of sw'elling or inci'caaing the 
thickness of a piece, its length Isiiug at tho same time niduced. 
If A short piece be uniformly iieated, and struck in tho direction 
of its lungtli upon the face of tho anvil, or if heavy enough, be 
alluwvd to fail upon a thick cast iron plate set in the floor for 
the purpose, or if it bo placed vertically on the anvil, and 
struck on its upper end, it will liecome thicker in'the heated, and 
' therefore softer, portion and aysunie the shape shown in Fig. 345. 
If the piece is to be ui^set throughout its length, it must be 
uniformly heated, ami heavy blows must bn used, Fig, 345 (a). It 
should ho noticed that if the ends are hotter than the body, or 
if light blows-be givon, the ends will l^e upset most, Fig. 345 (5), 
'When forming a head or collar, tho end only is heated, the 
result being as shown in Fig. B45 (c), and the effect may be con- 
fined to any part^, Fig. 346 id), by cooling the remaining portions 
in water if necessary. In upsetting common wrought iron, 
there may be some danger of the metal splitting in the direction 
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of rolling. And atj a general rale, processes in which the metal 
is ieduced in section by compression are to bo preferred. 

Drawing down is the process of increasing the length of any 
piece and at the same tirr^ reducing either its width or thickness, 
or both of these dimensions, as may bo required. 

If the work is in the form of a flat bar, and is !!aid flat upon 
the face of the anvil, when struck with the hammer, Fig, 34fl te), 
the metal which receives the blow is pressed outwards in ail 
directions, spreading botli longitudinally and laterally, and as 
the result, the bar becomes longer and thinner, but at tlie same 
time wider. If, however, the breadtli is to he kept the same 
the bar must be turned through an angle of DO”, and the 
operation repeated. This, it is true, will produce the desired 
increase in length, but will make the bar thicker, neccsKitating a 
return to the original position for thinning down again. A far 
more effective and quicker method of working is to draw down 
'the bar on the edge of the anvil. Fig. 845 (f), or on the beak, 
Fig. 345 (^), when very liUlo increase in width will occur, almost 
the whole of the work being expended in increasing the length 
and correspondingly reducing the thickness. When dealing 
with a round bar or shaft, the portion to be drawn down or 
pointed, is first made square, and using the method juut described, 
is brought down to nearly the- required dimension, working on 
each of the faces in succession. The square is then reduced to 
octagonal, by taking off the corners, and is finally rounded, and 
finished between awagOB. This procedure, which is invarbibly 
followed, serves to illustrate an important }K)inti which must he 
ati:'tided to in all drawing down operations. Care must be taken 
when reducing the thickneas that the metiil is nut driven outwards 
from the'centre to such an extent as to cause a crack or split, 
which, although it might be covered up and enclosed during sub* 
sequent operations, would still remain as a source of weakness. It 
will be seen, too, that in this respect forging by pressure possesses 
a great advantage over the hammer, especially for large work. 

SetUng ^own may be regarded aa a local reduction in thick* 
ness effected by means of the set hammer or set, aided by a 
previous application of the fuller. Where a square corner is 
left in forming shoulders, a severance of the fibres of the material 
may reault, introducing a tendency to start a fracture, whioh 
should be avoided if possible. : 
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Gutting out iti ptirfonned by cliinelti and goiigcH, ]iartions ol 
he work being cut awjty cpmpletoly in trimming to shape, oi 
n Home caeca a split may Iw mude atul oi«ned out, or the eudt 
jent to shape retjuirod. This method is particularly suitablt 
or tjun work whoro welding would be diflicult. With iron, f 
mte must first be punched through the bar to toL'minate tlie cut 
aid avoid the tendency to split along the direction of the fibre. 
Bending ia one of the most important and freipieutly uset 
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processes in smithwork. Bends are classed either as angles c 
curves, and may be made, Fig. 346 (a), over the edge of the anv 
on the beak or horn, or round a special block having a stei 
fitting in the square hole provided for bottom tools. In all cast 
the metal bn the outer, or convex side of the bend, Fig. 346 
is subjected to a **drawing down" action, that on the inner < 
concave aide being upset.” Hence a true* right angl 
Fig. 846 (<?), cannot be formed by simple bending, which can on! 
give the result indicated in Fig. 346 (d). The square bend mu 
therefore be made with a ” forged comer,” to supply the exti 
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itmtertHl rn<|uiro(1 oti ilie ouUido, whkh is workc(i up uUcrnatoly 
with light hauuneiH hh In Eig, ?^1G (^); or hofore be«(Ung, the bar 
raay bo iip^el »t the plaue where the benil in to he uiade, 
the lending being done over a V bloek, and the corner after- 
wiirda worked ax I'ig. S4<) (/'), liings and cye^ are bent over 
the beak of the anvil, Fig. !t40(a), or if of etnall size round a 
mandrel. For roiietition work, apecial blocks or “ jiga are used, 
and effect a gi'eat saving of time as contpared with the ordinary 
method of bending on the anvil, which reiinires subsequent 
setting to a template. 

For maldng double bends, and for staples with four corners, 



Kio. 347,—Jij? for aUpIc. 


simple tools can easily be contrived. A block with a stem to fit 
in tin; square hole of the anvil has a piece of Hal bar secured to 
each side, through the projecting ends of which passes a cotter, 
to act aa a clamp for holding tho bar in position. The bar 
having heon bent one way as at Fig. 847 (a), is withdrawn, 
reversed, and replaced as at (b), and the second bond made 
as shown by the arrow. 8uch blocks will answer very well 
if made of cast iron, even when used with the nteaui hammer. 
A lever ftnd„roller is frequently used for bending round a 
block, as BUggested in Fig. 348 (a). A screw is used as a 
clamping arrangement for holding one end of the bar to 
be bent. This is the principle on which the bending table, 





Fig. ^148 (r), i\i consfcruct(3(2> and it is an osKruiiia! iidjunct wh€re 
hoopH, scrollej tyres, angle ringa, etc., have to be produced. It 
conaiats of a cast iron plate of circular or rectangular form, ae 
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may be most suitable for the purpose, with a number of Blot 
holes Romewhat reaemliling the face plate of a lathe. This 
ehablee bending blooks or other appliances to be fixed in poaitioii, 
Fig. 848 (fO, or work may be bent againt^t pegs inserted at intervals 
in the slots. Tbeee pegs are of round Iran with squared ends to 
lit in the slots, and upon them rollerB may be placod if necessary 
to give any required radius of bend. A very cornmon arrange¬ 
ment is shown in Fig. fl40. 

A very neat and efficient form of hand ptw’fr Jh'ndhftf T*iol’ 
developed from the appliance shown in Fig. 84H, is made by the 
Wallace Co., of Chicago, U.S.A. In this machine, Fig. HiiO(fl), 
the stationary die is fixed to the frame, which is provided with a 
shank or lug for attachment to a bench. The stock to bo bent 
is held between a pair of dies Tuounled upon the end of a lever, 
one of the dies being adjustable by means of setscrews and bolts 
to suit dilferent ihickuesses. The small tongue on the handle 
serves as a gauge, and may he set to any length required. 
Bending may ho accomplished by a direct jtull upon the hand 
lever, as in the machine shown at («), '»r, for heavier work, an 
auxiliary rattihet lover may be litted, as at (/>), operating a punon 
which gears into a toc»thed sector on tlie base of the frame. T'he 
angle througli which tho bar is Iwnt is determine*! by a stop 
block, which may he clamped at any position in tho circnlar slot 
seen in the upper figure. The machine shown at (a) will bend 
hot, flat stock 2 inches X i inch, and round or nquare bar up to 
1 inch. The geared machine will take flat stock 4 inches X 
I inch, or its equivalent. 

Punching and Drifting.—It should be noted that common 
irvfO is quite unsuitable for any work which has to l>e punched 
or drifted, as it will certainly split in the process. Even with 
iroi^ of the l>est quality, It is advisable that any punching 
should be don^ at a welding beat, to avoid all risk of splitting. 
Punching is generally performed with the work flat on the anvil, 
the punch being driven about half way through from one aide. 
Fig. 351 (o). The work is then turned over, placed upon a bolster 
which res^B on the anvil, Fig. 351 {h), and the punch driven 
completely through from the other side, Fig. 351 (c). The result 
is a clean hole on both sides of the work, Fig. 351 (d), whereas, if 
the punch were to be driven right through from one side, a bulge 
or “ burr " would be left, as shown in Fig. 351 («)* This defect 
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may be obviated by ueing a die in oonjunction with the punch, 
Fig. 351 (/). The die is mude of bard ^eel, with a bole tapering 
downwards to give clearance, the diameter of the hole at the top 
being the same aa that of the liole to be punched. The punch 
should also be made taper, and slightly larger at the centre, to 



FlO. Ml.—PfrK^KMCR in Pni^»i/Jg—Punching ami DnfMug. 


permit of its falling through Ihe hole when punclied. In addition 
to Hts primary purpose of producing holes of various forms, 
punching is often resorted to as a shaping pracess. For instance, 
a slotted lever, ^s in Fig. B51 (^), is first forged solid. A hole is 
then punched at each end of the slot, and in one or more inter¬ 
mediate positions, as shown dotted. The intervening pieces are 
next cut out with the chisel, and the slot hnisbed with a drift of 
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the proper sire and shape. Small forked ends, Fig. 861 (/i), are 
readily made by punching a square bar with an elongated o^ slot 
punch, the bar being fullered or eet down, and drawn out to 
form the rod. The-bar ia then cut off near the ond of the slot 
as shown in dotted linea, amt the endn of jaws trimmed to shape 
with the chisel. In forging a weldless ring or eye, a flat bar is 
punched and split, as shown in Fii;.V>l (I). 'I’he split is opened 
out by driving in a tapered drift, aiid the sides brought tu 
shape over the l)eak of the anvil, Fig. 5161 (,/). 

Welding op Shuttirig is perhaps the principal operation per¬ 
formed by the Hinith, and constitutes Llie distiiignishiiig feature 
connected with (ho manipulation of wrought iron and mild steel. 
Most metals when heated up to tlie melting point change almost 
at once froio the golid to the liquid state. Wrought iron, how* 
ever, first passes through an intermediate stage, becoming soft 
and pasty, in which condition if two pieces Ik) placed together 
they will adhere. It is this properly which, assisted by pressure, 
is utilised in the process of ifcUtinfjt 

Welding Heat.—-It* is most hnportanfc that the metal should 
bo heated to the proper temporature to bring about this plastic 
condition. More hammering will not join two pieces which are 
iusufliciently heated, hut on the other hand, if overheated, the 
iron will he burnt, and rendered valueless. It will therefore 
he seen that the metal which remains pasty over a wide 
range of temporntare is the most easily welded, and in this 
respect wrought iron has some advaiilogo over mild steel. The 
welding temperature for wrouglit iron is from 1600^ to 1600^ F., 
and if this be exceeded, the metal commoncee to burn, throwing off 
white Biiarks resembling small stare. The welding heat for mil(V 
steel ia lower, aqd is known practically as the point wdiere bright 
red is just about to change to a white heat. The flrst eafteotial 
to the production of a sound weld is that the surfaces in contact 
are perfectly clean, both mechanically and chemically. Iron at 
a high temperature exposed to the air at once oxidises or ri^sts, 
becoming covered with a thin film of black scale, or oxide of iron, 
whicli, together with any dirt or dust due to ashes dt cinder from 
the fire, must Iw got rid of, or perfect contact will Iw impossible. 
It is therefore necessary to employ a flux which melts at the 
high temperature, dissolving the scale and ash to form a slog, 
and at the same time acting as a protective covering to prevent 
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further eiidaiion. When welding wrought iron, the emith, on 
withdrawing the work from the hre, sprinkles the surfaces with 
sand, which Tnelts and produces a liquid slag, easily expelled by 
the first 5ew blows of the hammer after the pieces have been put 
together. Welding should therefore commence at the centre of 
the joint, so that the slag may exude laterally, thus allowing 
clean Tsetaliic surfaces to unite outwards. The welding tempera¬ 
ture o! steel, and particularly of the harder varieties, is not high 
•enough to melt sand, but a dux of calcined Iwrax, or bettor stilt, 
a mixture of 4 jiaris )x)rax, with 1 part ad'ammouiac, is found 
to give good results. It is sometimes stated that a iliix is not 
absolutely necessary for wrought iron, as it may be safely lieahxl 
to a temperature at which the oxide or ecale l>ccouies Iluid. 
Common iron, too, may form a dux out of its own impurities, but 
in any case, a dux greatly facilitates welding. 

Forma of Welded Joint.—Three distinct forms of welded joint 
are commonly recognised: (1) the butt-weld, Fig. 1152 (ti), in 
which the two pieces to bo joined t.re simply butted together, tho 
weld being l>etween the ends and at rigid angles to the lengtii of 
the piece; (2) the scarf or lap weld, Fig. 3r>2 (i)), in wliich tho 
ends are prepared so that they may be welded one upon the 
other, with the joint in an inclined direction; and (3) the V 
weld or splice, Fig. 853 (c), in which the ends are first brought 
to the shape of a fork and tongue respectively. In making a 
butt-weld in the ordinary manner by band, it is not easy to 
ensure that the two pieces are brougiit together with the necessary 
pressure, as the blows of the hammer cannot well be delivered 
in a direction at right angles to the joint. Under such circum* 
r.tances, the butt-weld is not regarded with favour, being neithei 
BO strong nor as reliable as the scarf-weld. The difficulty is 
however, completely overcome in machine welding, whether powe: 
or electric, in whCch case the bott joint may prove satisfactory 
A good example of a haad>power weliUng machine, mode by th 
Nicholson Tool Company, of Keweastle-on-Tyue, is shown i? 
Fig'. S53. The work is firmly secured in a pair of vices, in sue! 
a manner tf^t the joint to be welded rests upon the table c 
anvil in the centre of the machine. Each vice is carried upon 
vertical rocking lever, pivoted at its lower end, and passin 
through a slot iu the upi>er part of the frame. Immcdiatel 
below the anvil is a shaft upon which is keyed a powerful bar 
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lev6r and also two eccADtricB, Ute latter ]'lacod within the frame. 
The eccenlricB are conplwl up resjHWlivuly lo the rochin(» levern 
on which the vices are fiidd. 'L*he arrangoinent gives a mecbatueal 
advantage of about 200 to ], *io that, with one man on the 
levor, it ia poseilde to exert a pressure of aa much as 20 Iona 
between the two bars held in the vices. The machine will weld 
bara and shafts up to 6 or 6 inches m diameter, without scarfing 
or any other preparation. The bars having been raised to 
welding heat, are placed in the iimeliine as shown in the lower 
figure, and are iramedialely gripped by the cams. Power ie than 
applied by the levor to st^uee^e the bars into each otljer, and while 
the presBUve is oh, the outside of the w'old is closed by hammering, 
to leave the Joint ainooth and uuiiorm in thicItneBS. 

jStia7flng.<—The^ method of preparing or shaping the pieces lor 
welding is an important matter, as it exercises considerable in¬ 
fluence in expelling the slag when contact is made. In the htpurltJ, 
two pieces ol flat l>ar, Fig. 352 (d), might be w'elded together 
without any preparation by meiely overlapping their enda, but the 
joint, Fig. S52(e), wouhl be imperfect, a crack being left on either 
side, w'here the thick edge of the bar has l»^en forge<l down. It 
is evident that the ends should be drawn out, hut not too thin, 
as a welding heat always causes some loss due to scaling, for 
which allowance must he made. The ends must therefore be 
upset, and shaped slightly convex, Fig. 352 (/), so that when 
put together the junction takes place first at the centre, extending 
to the edges, and forcing out the slog in front. The spocial 
tool shown at Fig. 3r>fl (d), which has a shank to fit the square 
hole of the anvil, is a most useful appliance for upsettui^ and 
scarfing, giving the correct form without any trouble whatever* 
If the scarfing ^is straight or slightly concave, Fi{^ 852 (^), a 
cavity will be formed in which tlio slug will he locked* wlieJi 
the edges, which first come in contact, are welde*! together. 
In welding round bar, the same metliod must be followed, the 
scarf being shaped as shown m Fig. 362(/*)* This is applied in 
chain making, and the variuns stages in the formation of a link 
will be seen from Fig, 852 (t). Messrs. Brown, Lenefx & Co., Ltd., 
of Pontypridd, South Wales, who have a worldrwide Ajputation 
for this class of work, liave kindly supplied photographs from 
which Figs. 854 and 355 have been prepared. The former 
illustrates clearly the operation of welding in a link of a large 
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chain cable for a Bupec-'* Dreudnought,” It ie intereeting to note 
that a Super-*'Dreadnought '* requirca several hundred fathoroa 
of chain cable, made up qf lengths 12^ fathoms eacii, connected 
by flliacklea. The linka are made from rolled liars, varying from 
H to inches in diameter, which are cut to length, acarfed for 
winding, and bent into uliapo by special machinery. It is tlien 
that the human element comes Im It is a curious fact that 
although machinery hae been tried, hand-made chain, especially 
of the largest size, is still supreme. In the upper view, tL& 
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clmin-maker is seen holding the tongs and swage, and th&sledge 
is swung by two men. In addition to the caT« wliicli must b« 
taken to ensure elhcient welding, each link must be made exactly 
to gauge, as the chain has to work over a capstan. Men able to 
weld efficiently such large chains are few in num1>er, and seeth to. 
ba possessed of an instinot which is often transmiltod from father 
to'son. The lower figure shows the link coiqpleted^ To test 
the reliability of each 12} fathom length, three links are selected 
and cut off for testing to destruction by tensile stress. If these 
three links do not withstand the specified load, the whole length 
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is reject; but if tha teat ia eatiafapctory, the whole length is 
then Babjeoted to & proof stress of doable the working load. 
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Corner and T welda nre niiulfl in tbe manner indicated in 
Pig. 856, the scarfing heuig shown at («), (*), and (r). 

Split, Fork, or V Weld, or Splice.—For heavy work, the split 
or fork, Fig. 351 regarded as the most secure form,of wohl, 
not only on account of the groiUor extent of surface at the joint, 
but also becaase the hook-like enda of the split are driven down 
over the bulbed end of the solid ^ieco, Tho scarfing on the 
sides of the latter should be left rough, in little steps, which k 
easily done under the eteatii hummer by drawing the luir away 
slightly after each blow, Fig. 856 (e). Long connecting rods for 
stationary steam engines are usually welded up-in this way, and 
it is also the beet method »to employ when welding tool sleul to 
wrought iron or mild steel. 

Butt or “Jump*' Weld.—For some purposes, lito ends of the 
two pieces are simply butted together, the weld being square 
across at the joint, Fig. 352 (k). The ends are first upset and 
slightly rounded, so tliat the slag may he properly expelled from 
the joint The welding is oiTccted by striking the ends of the pieces, 
if posaiblo, or by pressing tliem together in a welding machine. 
In some cases, the pieces need not be removed from the fire, the 
end of one piece being “ held up '* against a sledge while the 
other U struck with the haminor. After welding, the upset 
portion is reduced to size and finished under the hammer. 
Wrought iron gas pipe is mide with a butt wold, as it is 
cheaper, and no great slrongth is roqnired, but tiihcH for water 
or steam, having to carry considerable pressure, must be lap- 
weldcd at the longitudinal joint. Butt^wclded pipes cannot he 
used for bending, as they are particularly liable to split when 
BO treated. • 

Strength of Welded Joints.—A buU-weld is neitlup: so strong 
nor so reliable tin a lap-weld, and il is loujid un testing 4,hat a 
butt-weld invariably breaks at the joint, the fracture being 
largely crystalline. A good lap-weld, on the other hand, may 
possibly be as strong as the solid Ijar, although Us elongation and 
contraction of area will always be less. Tins is explained bylhe 
fact that the mechanical work jiut upon the material in making 
the weld tends to raise its ultimate strength at tjie expanse of its 
ductility. But even when tiie same carp has been exercised, and 
under precisely similar conditions of working, the strength of 
welded joints is found to vary considerably, and taking the 
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ttveriige, it i& uofc safe to a'?iiiima thut tlia strength ol a weld 
will exceed 75 por cent. the Htroiigth ot the solid hsr. 

Stud Weld.-' A modiiication ol the butt^iveld is eotnetimes 
applied niahhig haiidrail stanchions or pillars^ which have to l)e 
providwl with a flat foot for bolting to a platform or floor. It is 
didinult: to ennuro that the wold in this case shall be perfect, and 
it should, in (act, ho avrndeu in high-clasB work. The end of the 
pillar should bo iipsofe, li’ig. }35C (/), so as to resemble a muBhrooin 
head or llaiige of as largo a diameter a« ptjssihle. In the centre 
of the foot, an iii<!cntalion iHnia<iewitha’‘Miijh punch/' a tool well 
rounded at tlio end. lioth pieces are then raised to a welding 
heat, the foot laul on the anvil, and *he rounded end of the pillar 



driven well infcu the hollow by a few blows of the hammer, am 
^the ^eld completed by working round the flange with the fulle- 
or sot hammer. In making box-spanners for large uuta, thi 
meth od of welding is also employed. The k^yis forged as f 
thick Ul>e, Fig.-SIifi (</), the interior being mode hexagonal b; 
means of a drift of the proper si/.e. The end of the tube is the: 
scarfed as shown, and a flange of the same size as the tub 
having been forged on the shank, the two are jump-welde 
together, as suggested in the sketch, flrst using the fuller on tb 
top of the flange, an'd afterwards working down the scar! in-tt 
bottom BwagOi 

Shalt Weld.—^For making a weld in 8 or 4 inch shafting, c 
for parts eubjected to tor^nal stress, it is sometimes coneiderc 
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4*eBirfible to assiet tlie weld Uy (^ombiiuiig with it tho effect of 
mterlocking the endn on the principle of the elft^Y clutch. The 
eod of each shaft is heate^hand cut along two (Imineters at riglit 
angles to a depth of 1J or ‘2 inches;, Two op])i>site portiQiin are 
then removed from the end in each case, leaving the shafts veady 
to be fitted'together, Fig. 857 (u). ^Vhen thia has been done, 
tliey are raiaed to a welding heat, afid welded together in the 
fire. Por this pnrjiobe, a tup or pendulum is swung against the 
end of one shaft, a hmvy weight being shspeiided against the 
end of the other. The,tvip is suBpeuded at the proper liuight liy 
a chain, and a rope is attached to it, so that it may be swung by 
several men, Fig.'857 t^). 



CnAPTEB XKXHf. 


THE ftMlTHY—SIMPLE EXAMPLES OF FOROINO, 

Ix posaible to produco pieces of comparatively complicated 
shape by a combination of thu primary operations just describedi 
It should, however, be borne iu mind tlmt at best for^png is 
necoBsarily an expensive process, and it is therefore desirable 
that tijd designer should restrict himself to the simplest possible 
forms, and avail himself of well-known methods of working, 90 
that the cost of production may be brought down to a minimum. 
In some directions, attempts have been made to dispense with 
smitbwork altogether, and special automatic macliinery is now 
largely employed in producing screws, studs, collared-ended 
pieces, and similar parts which are turned down from the solidj 
bar at less than the cost of the forgings which would hrst have 
to he made in the ordinary way of working. 

Although, of course, it will not pay to moke bolts by hand, the 
process of forging a head on the end of a round shank must 
bo regarded as a normal or standard operation in constant 
requisition. Involved in the production of many parts, and by noi 
means confined to the making of bolts. In the same way, it will 
be found that the overy-dny work of the smith includes many 
articles, portions of which are forged in precisely the same 
manner as the simple examples which follow. 

(1) Collared End or Bolt Head.—A head maybe forged in two 
ways, either by upsetting, or by welding. For bars of small 
diameter the £rst method is generally used, whilst for larger 
sizes a ring U welded on. To iqmt Ike head the bar is heated at 
one end, and is jumped up by one or two smart blows of 
tlia hammer, Fig. 356 (c). It is next dropped through a, 
heading bool, placed directly over the square hole in the anvil 
and thd head hainmered down os in Fig. 858 (cZ). The piece is 
then knocked out, and the bead forged to shape, round or square 
os the case may be, on the anvil, after which, if hexagonal, a 
second heat is taken, the head' Anished in the " nnt swage/' 
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Pig.858(e)jaiid finally chamfersd by tbo cupping tool, Fig. 9158{/), 
using the heading tool as 0 ap(K)rt, To make a ^irUkd haad^ii 
ring is first bent on the dnd of a round bar of the proper 
section, the diameter of the insido of the ring being the snuie as 
that oi the stem. The ends of tlie ring are scarfed ready for 



Fkj, 3i^R.—ForRUJ? » boU hca<K 


welding, and it is then closed upon the stem, which is allowed ta 
project through slightly,_ as in Fig. 850 (a). The two are raised to 
a welding hoat, the collar is welded on, aud may *be gorged 
roughly square in the first instance to ensuro n sonml weld. The 
bolt is then dropped into a heading tool, sttxd tho projecting end 
rivetted over, after which the head is brought to shapw in a swage, 
as in the case of an upset head. 



Fio. S59.—'KxainiilcR of Forfying. 


miMle from bar soniewhat wider tbau the widest part, and as thick 
as (he (liickest part of the forging. To begin with two cuts are 
made with the diibel at a distance apart about equal to the 
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diameter ol the hoee, Fig. 35!) (p), and aro opened out by driving 
in a fuller, as in Fig. 85!) (<?)• The ends are nex^ set down ^th 
the sot haniinor, Fig. 35!) ^r-), and after Uilting a second heat are 
forged out square, the corners of the boss cut ulT with thd chisel, 
Fig. 369 ( Hi ttnd the hole punched, 

(ifl Eye End for Tie Rod.—-Fig. 35]> (oX ia dealt with in a vory 
similar manner, the end being forged separately, and afterwards 



welded on the rod. A lump of proper ei^e is fullered on both siden, 
Fig. 359 {h\ set down as in Fig. 300 («), and the sUank forged 
down Bc]uare to size on the anvil. The end in then cut ofif, the 
eye trimmed with the hot chisel, and finisl^ed rouifd with side 
Bwagds, Fig. 860 (/j), the shank Hattenod and the oornnrs fullered. 
It is then re-heated to swage down the octagonal portion, 
Fig. 869 (i), and the round part at the end of the enme size as 
the tie cod, 
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Fio. Ho*u 

liiiilcr ^tuuin lUninivr 


(4) For^ng a Bou. - Liaka A!id levers fur engiao und inachioo 
work Lave usually' to be made with bosses at the Fig. 3(>1 (a)> 
A boae may be welded ou 6r may 
\>G formed out of BoUd by draw* 
ing down,. Fig. 862. In either 
ca^ a square lump is first umde 
on a flat bar, the subsequent 
process of rounding and fiuisbmg 
the boss being the same which¬ 
ever method is adopted. For 
thin bosses or faces> washers or 
collars of the proper size dould 
be made and welded on the bar 
in thetisuaUway. .Deeper boeses 
may be formed by folding over 
the end of the bar to the required 
thicknesa and welding the whole 
together, Fig- 861 (If). Where 
boBBOB are inade of standard 
sizes, cast iron blocks, eiuiilar to 
those shown in Fig. 870 (a), may 
be provided, in which the boss 
may be stamped under the stoam 
liammer from the lump obtainetf 
as above, the end being first 
roughly out round. If the work 
is done by hand, the boss must 
be worked up with the set 
hammer, first forging off the 
corners, Fig. 86^ (a), and after¬ 
wards rounding up with a side 
Bwiige which is slotted for the 
fiat part of the link, Fig.360 [h). 

For finishing the flat purt, a set 
hammer rounded out at the 
sides, Fig. 363 (h), ’to fit close , 

up'to the boss is a great convenienoo. According to tLs second 
method of working in which the fever* is forged out of solid, a 
lump must be taken large enough to make the boss without 
upsetting. The boss may be stamped out under the steam 
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hammer either with a. etoul ring, Fig. 3^)4, or by ineane of an 
annular eutter or ferrule, Fig. 355 (a). The ilat [Mvt is then forged 
out under the hat paJletts, using aetsr il noceswu-y, Fig. B65 (^) 
and (r). The square oorners loft at the endure next cut olf with 
the chisel, ami the boss imished with side swages as before. To 

I 



Ifio, SSrt.—KoTginif a Lftver Bundle, or'['ftp Pio. .*^>7.—For^Htijja 

Wreach. Nir^'u Kyt! Eei<[, 

make a boss out of solid by hand, a portion is left of full 
.thickhofis at the end by driving in a fuller as in SG2 (a), the 
retnaining, part being flatted down and drawn out to proper 
sise, proceeding as shown at (b). The square end thus obtained 
as at (c) is subsequently reduced to circular form exactly as already 
described. A round lever or handle with a hose in the centre, 
Fig, 866 (a), aa used for tap wrenches, etc., is produced in the same 
manner. A square piece largo enough to make the boss is ful¬ 
lered AS shown in elevation and plan at Fig. 366 (fc), the ends forged 
out, and the boqs rounded up as before. 

The method of forging a lar^e Eye End under the steam 
hammer is illustrated in Fig. B67. Commencing with a solid 
rectangular block or lump of suitable sise (a), top and bottom 
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fullers are driven iti from opposite edges at such a distance from 
one end as to leave sufllcient material for prod\^(‘hig the 
and the portion os the left in the figure is drawn down to form 
the body of the rod or link. The outer end inner corners as at 
(r) and OO.are next cut of!, brmging the end to an approximately 
octagonal form, which is reduced still further 
to the required circular shape under the 
hammer (f<). If required of eylindricaU 
form, the body of the rod is then rounded 
(fnd finished to si^e in swages, and finally 
the hole is punched as at 
(5) forging a T End,—lieiag easily 









(rf) 



Fio- Sr»n,^KoT(rfn;» b forke<l end frotn T, 





h'ta. KS.—ia 
Fur^in^ a T End. 


forged and machined, the T end forms an 
important element in machine construe* 
tion, occurring frequently in engine con-' 
necting and eccentric rods, etc. Clommenc- 
ing with a lunq) about twice as wfUe as 
the thicknesb of the T end, and somewhat 
thicker than the diameter or thickness of 
the rod, two deep grooves ore made with top and bottom 
fullers, as in Fig, 868 ^a). The body of the rod is then drawn out 
to proper size as shown by dotted lines, and j;he lumV l^ft on the 
end'is punched and split as at {h}. After openhtg out the split 
as shown in {h)t the ends are drawn dowfi to proper size over the 
edge of the anvil with the set hammer or flatter, and are bent 
back to the required form as at (c), any uneyeiuiesB which may 

K c 2 
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Fifl. 370.—Korgltig a Fork^] Kiid. 


bo kft being pared off with 
the chiijeb The junction 
with the body of the rod 
muHt b& rounded out with a 
fuller ae in (</)> 

(6) Forging a Forked End. 

ThiH may be done in 
several ways, depetrding upon 
the nature o! the work for 
which the forging is ret^uired. 
AT end may first be fomed, 
„8 explained above, Fig. 868 
(«), and after being forged 
out straight, the ends may 
be bent round the beak of 
the anvil as indicated in 
Fig. 86U, or tliey may be 
cloBcd down over a block Of 
the required shape as shown 
in Fig. 870 {e). This method, 
where circumstancen will 
permit of its adoption, is 
probably the best which can 
be employed. A boss may 
be required on each jaw of 
the fork, Fig. 870 (u), in 
which casesujficient material 
must be left when the lump 
is split down the centre, 
Fig. 870 {h). The corner left 
by the punch should be cut 
away, and the split opened 
by driving in a fuller until 
the ends will pass over the 
beak of the anvil. The jaws 
are then opened out straight 
by using a fuller on tiie 
ahoalders, Fig. 370 {c)^ and 
the bosses formed as shown 
in Fig. 370 (d). The jaws 
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are finally eei on a block ot the proper size and ehapo as above, 
Fig. 870 {c). The forging for a small eccentric md is soinetipaes 
made by weldmg a fiat fool upon the fiut rod, Fig. 371, but this 



•Ki«. 3T1.—Welding Forkftl Knd. 


cannot he regarded aa satiefactory practice, the weld lieing an 
awkward one to make properly. All such details should bo 
forged out of solid, and, if necessary, welded on to the stem 



Kio. fi72.—Fftrl<ed Knd cut nut of ftolid. Fio. a7 S.—WcUUuk Fotl«ed 

Knd. , 


afterwards, nothing in the nature of a butt^yeld being permitted 
in engine work. A fork-ended connecting rod is forgcS solid as 
in Fig. 872, the gap between the jaws, shown aeebion lined, being 
cut out in machining. Although the forging is much siinplified, 
to produce a fork in this way is a costly matter, on account of 


m 


MECHANICAL TECHNOLOGY. 


the expense of machinitig. A forked end is Botnetimes mode by 
welding the fork on the rod over » tool in the anvil, in the 

mariner shown in Fig, 873. 
This ie, however, very ohjeo 
tionabto, and should not be 
parmiited in liigh class work. 
Tlio form of forked end used 
for structural steel work, 
Fig. 874, is made by forging 
the twO sides separately and 
then welding them together, 
thh fork l>eing finally set on a 
block. The forked end is sub' 
sequently welded cn the tio tod 
for which it is intended. 

(7) Forging a Hook.^Two forma of hook are in common use, 
viz., the chain hook which is forged with an eye, Fig. 375, 
and the crane or hoisting hook, 

Fig. 370 (c), for attachment to 
the block of a crane. In the first 
case, the eye should be forged to 
begin with, by upsetting the end 
of a bar of a section sufficient to 
form the body of the hook, fuller¬ 
ing a groove to give the neck, 
and rounding to shape on the 
edge of the anvil. The hole is 
then punched, drifted out to size, 
and tbe corners rounded out over 
the beak of the anvil. The eye 
may also he formed by welding 
as at Fig. d7£' (a), but this is 
very objectionable. Whilst still 
straight, the body is next forged 
to oorrect shape, taking measnre- 
ments of tlie length by means 
of a piece of w're, Fig. 876 (a). The neck is then heated/and 
holding the eye in a vice, is bent as nearly as possible to the 
required curve by means of a pipe placed over the end to act as a 
lever. The body is next bent over a large swage block, and after 
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Fro. S74.—l'*orgij)g KorktNl End for 
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setting down ” in a special tool, Fig. S7C (M, is linished over tlie 
leak of the anvil, or on a siiddle-shuped block oil^l e proper form. 


(A) 
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FiO. 377.—Oi-aoe Hooka ftud UefiQlla of Teats. 

DOW made by drop forging, and have proved satisfactory in 
every way. A good crane hook should carry four or five times 
the working load without permanent set, and should bear 

Btraightening out cold in the 
testing machuie without show¬ 
ing any sign of fracture, Fig. 377. 

(8) Forcing an Eyebolt.—A 
bar of round iron of the si^se 
required, is bent to the shape of 
the eye, with the ends closed 
together in a swage as shown in 
Fig. B7B, and the scarf prepared 
by jumping up both ends. The 
bar to form the shank, which 
is usually somowhat larger in 
diameter, is likewise scarfed as 
shown. The ends of the ring 
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are welded together^ and the ehanlc welded on BimuftaneouBly 
at one and the eame heat. If the bolt ie to \o made with a 
collar, a ring bent froia*si]^iiare bar with the ^nda scarfed, is 



Fio. 379.—FoJglng 'RreboU Tinder StcAin HatiuncT 


welded on to the shank and the enda welded together at one 
operation. A better method by which tlio welds may be 
avoided, U to draw down the shank from a bar of larger section, 



Fni. 380.—Die for Panchibfc Hole In K^cbnlt 


leaving a lamp on the end which is worked into*a spherical 
shape between dies under the steam hammer, Fig. 879 (a). The 
ball is then flattened out with the flattsr, Fig. 379 (A), and the 
hole punched, and as Iwth operations are liable to cause the iron 
to split they must be conducted at a welding heat. For the same 
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reason the hole miist be punched right through 
in a die of the proper fihape» Fig. 380 (a), so as 
to support the eye Oh the outside and prevent 
any bursting tendency. The inside of the hole 
is rounded out by means of a tool like a punch, 
which is put through first from one side and 
then from the other, using the some die as 
Jiefore. This is practically the method em¬ 
ployed in making eyebolts by drop forging, to 
be described later, The best possible wey of 
making a cot- 


Kjo* 981 .—Foi'E* 
Ing r«argc Ejebislt 


lured eyebolt 
by hand is to 
forge out of eoUd from a bar of 
about J inch larger in diameter 
than the collar, drawing down 
the ebauk, and fullering and 
Betting down the eye, which ie 
then finished as above. Occa¬ 
sionally an citra large eye is 
required, when the eye portion 
should be forged longer, and 
split by punching two holes 
and cutting from one to the 
other as in Fig. S81. The hole 
is then opened out on a drift, 
and the eye rounded inside 
and out on the beak of the 
anvil. 

(9) Forcing a Hoop.—It is 
ueually accounted a good test 
of workmanship to make a ring 
or hoop accurately, the proper 
allowance for scarfing conatitut- 
in'g a difficulty requiring some 
skill and experience. The 
length of circumference -f 
allowance for welding having 
been cub off from a bar of the 
proper section, the ends are 
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scarfed, practically in the same manner ae when welding 
straight pieces. For sections np to alwufc 1 Vnch thick the 
lap weld will suffice, Fig. 383 (a), for a thickness of, say, 
2 inches tho fork wold is prefeiabie, Fig. 382 (A), whilst for 
broad and comparatively thin bar, such aa used for cart 



tyres, the split weld, Fig. 382 (d), should be need. *A 
method of welding h large hoop preferred by aiost smiths, 
espwiatly if of stiff or approximately sqnaro’section, ia lo "voo" 
both ends about halfway across, and to weld in a “ghif' of 
proper h\zi& to fill the V, hs shown In Fig. 382 (c). After 
scarfing the ends, the whole piece is heated, and may be 
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most conveniently bent to shape in a set of bending rolls, or 
failing that, Tf^Und a cast iron blocking ring on the bending 
tablor b'ig. 6S3. To bring the bar into close contact 'with 
the bloch, a lever with two prongs, aa at (a), used in the 
manner shown, proves very effective. After bending, the ends 
are raised to a welding heat, and welded just on the inside on 
the face of the anvil, and afterwards on the outside over the 
beak. The ring will now be more or leas distorted, and 'must 
next be made truly circular, or “rounded,’* by driving it over a 
cast-iron cone, Fig. 884, and finally lev3Ued on a block of cast 
iron, or on the bending table. 

'Weldless rings are made hy forging a* flat disc, through 



fio. 384.—Cone for Hou tiding 
H<k>p Forging. 



F!0. 385.->Furgiaf Weldlcts King. 


the centre of which is punched a hole large enough to go over 
the beak of the anvil. The punched disc is then, gradually 
forgt^d into a ring, and the diameter may bo atill further increased 
ii necessary, by forging on a mandrel, making use of the 
appliance shown in Fig. 885, which is especially suitable when 
working with O'steam hammer. The ring is put upon a mandrel 
somewhat less in diameter than the hole in the ring, and the 
mandrel is supported on a rest made from flat bar bent into a U 
shape, and placed directly upon the anvil. The ring, which is 
constantly turned upon the mandrel by the tongs, is hammered 
out on the top, and'^is thus subjected to a drawing down action, 
which reduces the seciion, and tlierefore increases the circum¬ 
ference. This is, in fact, the principle of the method originally 
introduced by the late Mr. John Ranishottom, of Crewe, for making 
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weldleas tyres for r&ilw&y parposee, saitolde tools being fixed totho 
tup and anvil block of tlie steam hammer^ as illustrated in P"ig. 386, 
(a,) (6), and (c). The solid “ tyre bloom,” Fig« SST (a), in the form 
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Fin. 'Hiaguji in I’miaction of Wcldles^ Tjn, 



of a flat disc about 90 inahea diamoter and 9 or 10 inches thich, j 
first punched under the steam hammer to form a thick rin( 
Fig. db7 {h). It ie then hammered down in thickness until th 
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diameter roaches about 80 inches^ wlili a bolo 10 or 12 incht»s 
diameter in the centre, Fig. 387 (c). The nCjt opemtion h 
that of hammering out tlm bloom edgewise io ejhkrge the hble 
in the centre, which .is done upon the 'M)eak" of the^nnvil, 
Fig< 886 { 0 ) and [h), the bloom being rotated vertical!)' between 



consecutive blows by means of a pinch bar suspended by chain, 
OB shown. The ring is next laid dat on the top of the anvil, and 
hammered all round to correct any spreading prodpeetl on the 
beak. The diameter is now about 84 inches obtside, and 19 inches 
inside, Fig. 887 (d)^ when the ring is te^y for Iinisbing on the 
tyre rolling mill, shown diagrammatically in Fig. 888. The 
tdiidc ring of trapezoidal section Is placed on the table of the 
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machine between two rolls, the inner one of whioh, a, bears 
against the insi'le of the tyre and is of cylindrical form, while 
the outer roll, 5, is grooved to corr^pond to (he desired section of 
the tyre. Usually two grooves are provided, one for roughing 
and the other for finishing, as shown. The two rolls are 
separated to introduce the ring, e, when roll, 5, is set in motion, 

and at the same time is moved 
gradually forward in its bear¬ 
ings by a hydraulio ram. As 
the rin^ revolves its section in 
thus reduced^ the diameter of 
co?T8e, being increased in con¬ 
sequence. Two rollers, r, and 
d, servo to guide the tyre and 
preserve the truly circular form. 
The finished tyre is shown at 
Fig, 387 (r). 

A Slide Valve Bridle or 
Buokle, Fig. 8811 (a), is not 
forged from solid, hut is made 
by welding. A T-end is forged 
upon each of the round rods by 
the method already describiHl, 
Fig. 580 (ii). The side portions 
arc then bent to shape, h, shown 
dotted, by the aid of a special 
tool, and the ends scarfed for 
welding, Fig. 389 (c). The 
spindle end is afterwards welded 
on, and the whole set to tern- 
plate. 

Angle Bmithing.—The bend* 
ing of rolled sections, welding 
of angle rings, etc., as required in boilermaking and bridgework, 
forma a special branch of the trade. Although the hydraulic 
flanging preps is now largely used for such work, a considerable 
number Of the smaller pieces, and those of special shape, remain 
to be done by hand. The hearth employed by the angle smith ia 
perfectly open, with a clear space all round, so that pieces of any 
length and shape may be handled without difficulty. To bend or 
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Crunk a knee or bracket of an^fle section, Fig, 390(a), a cast 
iron block of the proper size and nbape, titled with aomo sijyplo 
meane for clamping the luir, must be provided, Should only one 
or two pieces of tlie same (lathirn lie requireil, it will prcfre must 
economiuai to make a 
blo&k for Ihia, or any f ” 
similar kind of work. A 
very convenient style of 
block is shown in Fig. 

390 (fr). The angle "is 
heated at the bend, and 
one end clani)H;<1 to the 
block, thftother end being 
gradually dsawn qp to the second fastening, as shown. As the 
angle iron is bent, it will l>e found that the top Jtange will lend 
to pucker up on the inside of the bend, which must be prevented 
by a few blows with the sledge, as rnquJrcHl. The secontl clam]) 
having been secured, any remaining irregularity at the corner 

is token out by means of 



* Kio, 3M1.—BfmUnK a fi'iMaTe I'lnufr in 
L Scrlion. 
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the hatter. In some in¬ 
stances, a sqitiu'e corner, 
J'’ig. 31)1 (a), is desirable, 
which can only ho obUinod 
by cutting out a piece and 
welding up i 4 ^un,thusadd« 
ing considerably to tlie cost. 
The position of the comer 
is marked upon the Itfir to 
bo bent, and an angle'of 4^’, 
is set off on eitbcr side, as 
in Fig. 391 (h), by nteking 
with a cold chisel. The 

^ corner is then heated, and 

Fjo. SDft.—W«1tJ In L or T S^ctlun. ,, ^ ii * « 

the small ]nece Hection- 

lined cut out with the hot chiMtl, after which th§ edges are 

scarfed, and the angle iron bent oil a block of the proper size, on 

•winch it ia also welded. SJometimes the weld^is maSe with a 

"glut,” or small piece of bar iron, heated separately, and welded 

into the corner to supply any possible deficiency of material. 

""Where a curved form, Fig. 392, ia required, a glut is welded ia. 
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and uft^^irwordB cut to shape with the hot chisel. It is BometiTnee 
necessary to make a vrld in amjle vr tee iron, and for this 
purpose also the smith should be provided with coat iron blocks 
of the proper form. Taking one piece, the flange is cut through 
at tlie root, and Itent back, the end oE the web being 

ecjkrfed as uhuaI for a lap weld. Fig. Oi). The end of the 



other piece is scarfed as shown at Fig. S98 (h). This figure, it 
, will, be fleen^ applies to both angle and tee iron. The two web 
portions are then welded together on a raised block to allow for 
depth of flange,,. Fi^ 898 (r), and tho flange is then turned 
down and welded at a sepond heat. 

In tho preceding examples, it has been assumed that the 
various operations would be performed mainly by band with the 
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afisistancdof a nuiall or pow«r lniinuior of tho type usually 
found ill the amithy. In (he remaining examples the work is 
done entirely under the rfbeain hammer, whioh Must also ife of 
the heavier or forge {xittern. 

Forging a Crankahaft.—The material now nliimBt iuvariuWy 
6nf)[>1oyed lor a crankaluift ih mild steed, and t)io general practice 
ie to forge out of solid by drawing down from a slab. The block 
forming the crank webs and the Kpaco l>etwe(m them ia thus bdt^ 
solid, the gap being cut out in the nuvchiiie simp. The forging 
wilt therefore appear uh in Fig. 391 (/f). A row of holes is drillod 
near the crankpin, and saw cuts taken down the sidiw of the 
chocks for the purpose of i%nioving the gap as in Fig. 394 {r). 
The Bunie method of w'orking is iidopted for a doulde-throw 
crankshaft with cranks at right angles. The jjiirt bctwwui liio 
sweeps LB removed by cutters, and after tht! centre portimi of tfie 
shaft lias l)oen roughly rounded, it is re-lieated, and twisted to 
bring the cranks at right angles. Tlie sliaft and the crauhpiiiH 
are somotiniea rough turned before the twisting takes place. To 
twist a douhle-throw cLinksbaft, the " followingcrank is held in 
pbiee upon the anvil by lowering down the haiunicr upon it. A 
hw'ge Hpaniier is then attached to the ** leatling*’ crank, by which 
it may be pulIo<l round at right angles. Commencing with the 
slab, Fig. 394 (u), a cut is made with the chisel at each side of 
the woh, and a fuller, shaped as^shown, is driven in to open out 
tlie groove, Fig. 394 (fc). A fuller of this slinpe is adopted to 
force the erid w(dl awa}' from the vortical side of thi; we}>, in order 
to avoid a ^‘culd shut” in drawing down. The end portions to 
form the shaft are next set down, and the shoulder ou ouch Hide 
of the web may be squared up by moans of a steel block set. 
Fig. 394 (c), Tba ends are then forged out round, lyid finished 
between swages, Fig. 894 (d). The huiahed crankshaU after 
machining is shown in Fig. 394 (/). • 

The crankshafts for motor car engines are produced from a flat 
slab. Fig. 395 (a), by drilling and cutting out the sweeps between 
the webs, aa shown at (6) and (c), the appearance of the iinished 
article, which is intended for a loar>cyIinder engine, being 
indicated at (d). More recently, forgings of the proper shape, 
greatly reducing the cost of manufactiire, have been made by 
stamping between dies of the required form under the steam 
hammer. The material used ia a special alloy steel, such as 

T. T. Q 
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nickeUchrome, or chrome-vanadiiini^ which posHesyefl great 
resistance to shock and latigue. 

The Bent Crank, so'much used lor porUble engin^i is 






Flo. MX.—Forglng a Conneoting 

produced entirely from a round l>ar, preferably of best Yorkshire 
iron, -which by blows of a povriirfal Bteani hamnier is gradually 
squeezed into cast iron blocka reHnnibling dies used for'gtamping. 
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396. The blocks are jointed on the centre line of the 
crunk, as shown- Crankahafta made by this process are open to 
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Fjg. 398.—Forging. Big End Straji for CoiuiecMng Rod, 

the objection that the crank portion is excessively wide, the 
circular section taking i^p much more space than the web of 
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rectangular form. On the other hand, the fibre ot llio iron 
followu the direction of the require<l shape, inatead of lioing cut 
through at right angles by slotting the webs onhof solid. * 

Forging & Connapting ttod.—Thin constitutes annthei; instance 
of drawing down between shoulders fornioJ by fullering. A 
ccfnuQcting rod, Fig. 807 (a), whetfier with solid or T ends, is 
forged from the solid, the first Bbe|) being to fuller the slab on 
both sides at each end, as in Fig. 807 {f))r ushig the same fuller 
as descrilHMl for cnmlfsbatt, with a second and similar i(to\ 
immediately lielow, (see Fig. 804 (/>)). The material between the 
grooves is then drawn down to the proper size, using seta to clear 
the'end jmrtiofts, if necessary, Fig. 887 (r), and the round rod 
is finally finished between swages, the taper or liellied form l)oing 
given, as ip Fig. 807 (d). As will be seen, the swages are canted 
by iuaorting a ])ieee of steel packing placed S(]uare across and Kush 
with the end, or a piece of ordinary fiat bar may be laid across 
the dud w'ith the same result. 

Forging Big End Strap for Gonneoting Rod.—The following 
interesting example *Qf the. method of forging the big end eti'ap 
of a loeoiuotive connecting rod, shown in Fig. 895 (a) in its 
finished state, is given by Mr. G. Hughes, Chief Mechanical 
Engineer of the Lancashire and Yorksliiro Railway, Horwich, 
It is mode from a bloom, which in the first place is drawn down 
to the uhaim shown in full liifcs in Fig. 885 (ly). The deep end 
is then set down by the tool shown to leave the oil cup, and tho 
knees lu'C sot in with a fuller, ae in dotted lines. This is done 
to provitlo the necessary thickness for tho corners in bending, on 
the principle explained at p. 475, Tho atnip, F'ig. 895 (r), is 
now ready for bending, which is i^erformed in the cast-irfin block 
shown in Fig. 885 (r/). At the bottom of the recess is i»hiced a 
small curved plate, resting upon a block, the underside which 
is tapered at the ends. The use of the plate ensures welt rtmnded" 
corners, with plenty of metal for working up afterwards. The 
strap is liable to become wedged in the block during the ju'oeess 
of bending, and may be released by driving a conple of'koy^ 
iH^nealh tlie tapeiod support. A few blows of the»haiiimer upon 
the end of the rectangular block transmitted Ihrougft a making 
up piece, if necessary, are sufficient JiO bring the strap to the 
retpiired shape* 



CHAPTER XXXIV, 


THE FORGE AHD ITS EQUIPHENT. 

It iH not }> 08 si))l 6 to lay down any dednito distinction between 
the work of the eniithy and the forfje. As a genera! rule, it 
may be eaid that the forge le attached to, and forme a part 
of, the worke where the material itself, whether iron or eieel, 
is actually manuhictured. Moet engineers, therefore, nlitain their 
heavy forgings direct from the ateelmakers, and theie forgings 
are frorpiently supplied rough turned to save cost of carriage, 
and to enable the maker to satisfy himself that the forging is 
free from any Haws or defects before leaving the works. In many 
cases, the rough forgings prepared in the forge are subsequently 
fluislicd ill the smithy, the province of which Is to deal with the 
lighter and 11101*0 exjicfc descriptions of w'ork, A great endeavour 
is constantly being made by resorting to the use of special tools, 
and of dies for stamping, by the employment of steel castings, 
and hy machining parts out of the solid, to reduce the work of 
the smith to an absolute minimum. 

Forge Hammer.—The requirements of the forge necessitate 
the use of several diflereiit sizes of steam hammer, in order 
that each * may not be called upon to deal with anything 
beyond its }>ower. It is well known that with a hammer too 
light for its work, groat danger of “ piping *’ in the centre results 
from the ilow " of the metal taking place only on the outside. 
It has already been explained that on accoomt of the resistance to 
sadden impact due to the inertia of the mass, the effect of the 
blow is largely expended on the exterior of the forging, pene¬ 
trating only very slightly to the centre. The sizes of hammer 
in common use are about 5,10, and 15 tons, anything larger 
than the latter being now rarely met with. For large and 
massive steel forgings, the slowly applied and powerful pressure 
of the hydraulic forgingvpress has practically supers^ed the 
steam hammer. A very convenient type of forge hammer, 
Fig. 399, with standards of caet stool, the tup, etc., weighing 
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fi tons, is made hy MesfitB. Thwftitos Rrnlhers, Ltd., of ]5racl- 
ford, and is particularly suitttblo for heavy work. AltlioiiRli maa 
of mRiiipulHtion arid confreiiieiico in working rr/ust continue to 
1)6 of primary im^ioitanco, miich nttenlion Ims recently Iwett 
given to tho reduction of steam cimsuinpLion. A sorioiis loss in 
th6 working of a kamitier niny occur during tiio latter part of 
the Htroke when the piston is travelling at sue); a velocity that 





the preRBure in the cylinder at the moment of striking the blow 
may actually fall l>elow the supply prcHKure. A quantity of 
steam ie therefore wasted in merely filling up the cylinder to 
a pressure equal to that of the eupply. To remedy this defect, 
Meaers. Thwaites baVie patented tho special arrangeinent of valve 
gear shown in Fig. 400, which gives a sharp ontomafic cut-off 
at that point in the stroke calculated to.produce the best results. 
The action of the gear is somewhat similar to that described at 
p. 46dt When the tux) rises to the top of the stroke, the pin, 
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G, moTen tbo tripper, F, ite leVor, H, and through the i 
the CoriiHH cnb-oif valve, H, into the poeitioii shown in Fig. 40i , 
This causes the port C to open to full preasurc, wliich is alwayi 
maintained in I) when the stop valve is open. On raining tlx 
worliing valve. A, steam is admitted through the port, J, to tin 
upper side of the piston for striking the blow. As tho tup dosceiiils 
the pin, G, moves the tripper lever, F, and Corliss valve, 13, t( 



the position shown in Fig. 401 (a). ’When the tup has fallen alxui' 
half-stroke, steam U automatically cut off, and no more can ht 
admitte<i unless the working valve. A, is raised to tho position foi 
** bolding down,'* as shown in Fig. 401 (/»). The travel of the liam 
lever, L, for o^'dinary working is regulated hy the stop pin, M,catch 
ing the spring, N. For holding down, tho pin on the hand level 
depresses and moves oven the spring. Ftg. 401 (d) shows positioi 
of working valve, A, lor “lioldiiig up.” 

The author is indebted to Messrs. B. and S. MusHoy, Ltd., o 





die lioating funmce, and the crane lor tranHiJorting the work 
from the furnace to tlie hammer. The hammer is pi-ovided with 
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MeBBTB. Massey’s patent valve gear, Fig. 403, by which it is 
claimed an economy in steam consumption of from 30 bo 40 per 
cerft. may be effected. Sappose the valve to be pltieed in Iho 
position {e)j steam is admitted to the underside of the piston, 
and the top of the cylinder is opened to exhaust. The hammer 



» 


Fia. 402,—Ti«w in Forge. 

then rises, and in fio doing autotnaticAlly rotates the valve, the 
roller on tbo end of the Iwll-crank lever seen in (&) running in 
an inclined groove at the side of the tup (a), to give the required 
movement. This cuts off the steam an<l closes the exhaust port. 
The steam below the piston thus acts expansively for the remainder 
of the stroke, and the compression above the piston brings the 
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hammer safely to rest. Very tine bye-paHSCH nve airauged vOp 
so that when the lianiuiei* in at tlie Lop of iin stroke jviBt buUleient 
Htciim ie adiiuttoJ below tlie pisiou to keep it Bunpetuled. Dit 



KlO. 4U3.—Autumatic Uftar for Korg« Hammer 


moving the valve into poeitioii (<?), the bottom of tlm cylinder is 
opened to oxhanst, and steam is admitted above the ]fiston for 
strikiDg the blow. As the tup descends, the valve is rotated 
back again, until at half-stroke steam ia entirely cut off, as in 
(/), and acts expauslvely for the remaiuder of the stroke. For 
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may be 'worked at a much higher rate, up to 40 or 50 etrokee 
per liiiiiute. Ab in the Urst ayetem, the '^clearance part** of the 
etroke has to hti niatte and ah adjustment}} hy u^ing 

high'preBHure water, which iiiueh irvcrcases tho cost of working. 



(8) Using ,loW>pre&siirB water at a pressure of alK>ut 60 lbs. per 
square inch for filling up and adjusting, the tup being raised by 
steam pressure, and a steam infcensifier being employed for giving 
the actual squeeze. In this system, which has been adopted by 
klessrs. Davy Brothers, Ltd., of Sheffield, Messrs. Fielding and 
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Platk, of Gloucflater^ and othera, no pumping enginee nro required. 
As, however, in forging, the maximum pressure must alwitya bo 
avniUble at the end of the stroke, it is not poasildo io worif the 
sleiim expimsively iij the intonsifier. The steiHii cousunipLioiiV 
therefore relatively very high, prohuhly exceeding that of the 
stahm hammer. On the other hand, the pret^s is Himple in con> 
elruetion, and is very easily operatM at a high rate of apoisd. 
(4) Working with water prosBUie from an aeeunmlatnr fnr adjusting 
movements, the aotiml squeeze being given hy a steam inteneiher.' 
This principle has been very succeeefully applied in many presses 
of the largest si^e. 

A’type of pfess, operated by means of stoani hydraulic 
intensifier, of wlncli a nninher have i)oen made by Messrs. J^avy 
Jkothers, I^td., of Kliehietd, is ilhistrntod at pp. ami 585, 
the various parts in a position of rest lining shown dingram* 
nmtically iu Fig. 405, and an enlarged view of the ^Muiuding 
lever*" and valves in Fig. 406. At 1 is the anvil or bod die; 2 
is the press he^id; 8 tbe main hydraulic ram carrying the proNs 
head, and working in fbe main cylinder 4 ; in the lilting cylinders 
5,5, work pistons 6,6, coupled by rods 7,7, to the prei^Jii heiul 2; 8 is 
the steam intcnsiiiorpifiton working in the cylinder 1), and having 
a piston rod 10, which forms the hydraulic ram 11, of the intensi' 
fjer; 12 is the cylinder in which the hydraulic rain works, and 
which by the pipe 18, is conndbted with the main cylhuler 4. 
Bteatn from the boiler entering at 10, is admittc^d to the under* 
Bide of tbe intensifier piston 6, by the doublo-lwat valve 14, a 
similar valve 15, regulating the exhaust. The supply and exhaust 
of steam to and from the lifting cylindors 5,5, are controlled hy«{w 
piston valve 21, working in a chamber which communiciftcs by^ 
means of the passage 28, with the steam space of the valve 14, 
and through the pipes 24 and 25, with the lower ends of t])e lift¬ 
ing cylinders. The exhaust passages 26 and ^7, lead into the 
main exhaust pipe 2B. The air vessel 29, is connected by the 
branch pipe 80, to the hydraulic high pressure pi[>e 18", through 
the valve IU, which under normnl conditions iu held dosed hy*tbc 
jireseure in the pipe 48. When the rams 8 and IJ, descend by 
their own weight, they tend to create a ptfrtia^ vaemfm in the 
hydraulic high-pressure system, and valve 81, opens auto¬ 
matically under the pressure of the air vessel 29, so as to allow 
the pipe 18, and cylinders 4 and 12, to become Ailed with low- 
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pressure water. The air vessel is kepi charged at a pressure of 
about 60 lbs. per square inch by a eeparate pump. AYhen the 
Bjstem is full’of water, and'the ram 8, is to Iw raised propuratory 
to making a working stroke, tlio valve 81, is opened poHitivoly to 
allow water to be returned to the air vessel. This is effected by 
adniftting water preesure to the underside of the piston 83, which 
18 coupled to the valve 81. The admiesion and cihaust of this 
pressure is controlled by a slide valve 34 (Fig. 406), the movement 
of which is effected at the proper time through tho lappet 41, 
coming in contact with the Eirm 48 of the handing lever 40. The 
latter has three arms, one of the shorter of which 48, is coupled 
up to the mechaniem for worMng the intensifter valves 14 and 1.'), 
and the other arm 44, gives motion to the piston valvo 21, apper¬ 
taining to the lifting cylinders. The iiitensifier valves 14 and 
15, are actuated by the automatic hunting gear,"* tlie object of 
which 18 to cut off tlie supply of steam to the cylinder 8, at a 
point in the stroke of the piston 8, corresponding to the angular 
position to which the handing lever is moved, thus limiting the 
niovemont cl the intonsIBer piston in the upward or active direc¬ 
tion to the Amount required to give either long or short strokes as 
ho desired in working the press. A bar 50 (Fig. 405) extends 
obliquely alongside the intensiher ram 11, and is supported at 
58 and 60, nn beU-crank levers 62 and 6«h which turn on fixed 
centres 00 and 61. The l>ur U moved trausversely to its length 
by the roller 57, mounted upon the ram 11, and is maintained in 
the normal position by the counterweight 65. The arm 62, of 
the lower boll-crank lover is coupled by a link 54, to the ** ffoating 
level 63, of the differential gear, (^ee also Fig. 406.) Bu^ose 
now the handing lover 40, is moved to the loft, or into the position 
assumed when the press head is performing a working strgke. The 
end of the link 64,‘iB for the time being virtually the fulcrum oi the 
lever 53. Hence 51 is depressed, and the lover epons the steam 
valve 14, admitting steam to the underside of the intensifier piston 
B, which therefore commences its upward stroke. The action of 
the roller 57 (Fig. 405) draws in the upper end of the Imr 56, wbicli 
through the belUcranlr lever 62, lilts up the link 54. tTbe end of 
the arm 43 (Fig. 406),of the handing lever, being at rest, liaa now 
become the fulcrum, and the upward motion of the link 64, is 
iTDi>artetl to the Boating lever 53, and by the link 51, to the valve 
lever 49, causing the valve to close when the piston 8, has per- 
» u n a 
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fonned the Bame fraction of ite full m stroke as coruMpond 

fcn the 4«iKiilar diHidacement of the W *ever. The pishj 

valve whieh ateam to the lifting *i'’tnially dia 

connette<l from tlio handing lever, and reste KMVity on a stoj 
0 l>, in such a iwflifcina an to Admit etetiin to the ujh.V***'*“*^® th< 
lifting pi^ftoTiH i), f). To cut off the Bteam supply and op^RI-tl» 
lifting cylinders to oxhaust/the handing lever mnst first be moved 
towardrt the right, to pick up the trip meehanisTn by whicii . 
the valve 21, is raiHe<h Tlie plunger 67, which in permanently 
couplod to tlie lever arm 4'4, slideci in a socket (Sfl, i)erra8nenlly 
attiuduKl to the npindlo 611, of the valve 21. The two parts 67 
Atid 6H, are caused io engage and dk^engago witn each other auto* 
niaticully hy inmna of a lx)1t 70, which is pressml inwards by iho 
spi'ing 71, and enters a notch 72, cut in the side of the plunger 
67. When cngagenieiit has takon place, the valve 21, will ])arti(d- 
pate in the upward movement of the arm 44, until the socket 6S, 
liaK lieen rais^ so as to cause the lever 73, to strike the fixed stop 
74, when the bolt 70, will he withdrawn from the notch 72, And 
Iho socket 6b together with the valve 21; wilt he free to fait, the 
latter retur ningUi its normal position on the seat G6. With the 
parts in tlie position shown in the figures, and the handing lever 
in its mid or neutral position 40 (a), both main and intensifier 
nniia b and 11, resting at tlie bottom of the stroke, the hydraulic 
cylinders 4 and 12, and connecting pipe IS, are full of water, and 
conse(|ueiit1y, so long as valve 31 remains closed, no u^iward 
tnovcmeiit of the ram can resnlt from steam pressure on the 
pistons i>. To sot the press in operAtion, water must first be 
exhauBled from the cyliuder 4, by opening the valve 31, which is 
etlucied by moving the handing lever towards the right into 
position iO (jj), when the arm 43, of the lever strikeB the tappet 41, 
as alcove deecrilied. The lifting pistons then raise the main ram 
3, and prose he^vd 2, suflicieQtly to ocoommndate the work on the 
anvil I. If now it is desired to work the press with short and 
rapid strokes, a permanent cushion of live steam is ref^ULred 
bkneath tlie pistons 0, 6, and exhaustion of the cylinders 5, is 
therefore not necessary. The handing lever is moved directly 
back fi'chn 40 (b), to some point (depending on the length of stroke 
required), to the left of.its neutral position 40 (a), betw'een which 
and the extreme left hand position 40 (c), it may then be osoillated 
to and fro. This will cause the ram to be driven down 
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rejjeRtedly and nipidly in niipoaition to tlie steam pressure on the 
pifttunif (t, «, by which it la proinpLly riiineil ut (lacii reveisul of 
the hftiidijig lever. If, however, it is desired to v^ork the press 
with long and relativ^y slow Btrokes, it ie nuceesiii'y to eyhuust 
the lifting cylinderH 5, 5, lo allow the preafi head to drop, niid to 
re-admit steam to them slightly before the end of the pressing 
stroke in readiness for raising the ilnn pniinptly the mornont 
.reversal of the stroke of the press head is voipiircMl. To effect 
lliis, the handing lever niuat he moved beyond the positioti 10(/i), * 
towards the riglit, nptii on arriving at 40 ((/), the trip gtmr 70, 
engages. The handing lever is now revcrsi^d, causing valve 21 
to rise*, mid on reduhing ]iositi«n 40 (i'), steam is cut off from the 
lifting cylinders, which will also then Itegln to exhaust. ITonce 
the press he^d, having thus lieen laised to the deaired extent, 
will descend by gravity, drawing water from the air vonset to hi) 
up the hydraulic higli-pressure system. (Joiitiiiued movement of 
the handing lever towards the left ojious the valve 21 fully to 
exhaust during the idle descent of the pre.ss lieail, hut on rejich- 
ingthe position lOf/), the belt-crank lever strikes the stop 74, llio 
trip gear is disengaged, and the valve 2i f^kliH, closing the lifting 
ejUudera to exhaust, and again luhnitUng steam lieueath the 
pistons r», 6. Thus the remainder of the 'vorkiug stroke is per- 
furmud against a cushion of steam during tlie time taken hy the 
lever to move from 40{/) to 40 (t*)? On the completion of a long 
working stroke, the Imnding lover must Iw returned to the left- 
hand side of its neutral position, to open the iiitenHifiRr exhaust 
steam valve Refore another long stroke is coniinenced, the 
handing lever is moved to the extreme righi'hand position 40(d), 
after which the entire cycle of oporatiuns above described h 
repeated. To bring tho parts to the position of rest, as in Liu 
figures, the handiAg lever must first Iw moved into the pomtion 
40(d), and then brought to and left in the neutral ijpsitinn 40(a). It 
will thus be seen tbit all the movements of the press are obtained 
by means of one handing lever only, which is a very infportanl 
advantage, much simplifying the driving, and increasing tke 
speed of working. In-a 1,200-ton press, the movement of prosh 
head per stroke of intensifier may lie varied from zefo up to 
0 inches, and the speed on short strokes may reach 100 pot 
minute. A hydraulie pressure of ^ tons per square inch is 
employed, the working pressure of steam being 150 iba. per flqusre 
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inch. Fig. 407 is tflken from n photogrnpli of the 500-ton high¬ 
speed forging press here described A 4,000-ton press on this 



Fio. 407.—SOO'ton Speed ^’nee. 


jygtem has been erected by Messrs. Davy Brothers at the River 
Don Works, Sheffield, ^for Messrs. Vickers, Ltd., who kindly 
mppUed the photograph from which the illustration, Fig. 40B, 
ffBfl prepared. 
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It is BQDititiaioB imagined Ihut thu forging pregs ig auititble 
only for heuvy^work, but rocent improvouiGuts have enabled the 
pretia, even of small eixe,- to competa in Kpaed ^iid* ecoiiotfiy of 



working with the atoam hammer for nlmoat all vanetiea of forg¬ 
ing. A GO'ton rapid-action forging pretiB of tbe^atoamnutengifier 
type, made by MegsTR. Fielding and Plutl, Ltd., of Gloucester, ia 
illustrated in Fig. 409.. The press cylinder, A, is formed as a 
moving slide working within guides, and also upon the h:ied ram. 


Flo. 409.—4000 -*>11 Hj<lTaail!o Forging Press at Messrs. Vickera' filter Poa Sheffieli?. 
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B. The steam intenstJier is situated at the rear, B and D beiiifv 
bhe steam and water cyliudere reupectively. A steam cylinder 
[I, cuntroUed by slide valve and baud lever, is employed to returu 



Lhe parts to the top of the stroke before pre.'ising. Gie n water 
reservoir, in the npf^r part of which air is comp reseed to a 
pressure of 90 lbs. per square inch tor use in charging the 
cylinders B and I), and the connecting pipes C and K, with water. 
In the position shown jn 4011 fu), steam is admitted to the 
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underside of the piston, I, the upper sido being ojjeiwtd to exhaust. 
The press cylinder, A, is thus reised tu the tup uE iU :ftroke, tho 
piston rod, J, being pivoted rL K to ii lever, L,nltiighed toihe press 
cylinder ntM, whicl\, in this position becouK^s the hderu^. Tin*, 
outer end, N, of the lever is tlierofuru rRisod, as tho piston, I, coni' 
piffles its stroke to the position shown, ciuisiug the slide valve, 0, 
to open the lower cud of the cylinder. It, to oxhuust. At the 
same time the valve, E, is riiised from its seat by tho auxilinry 
lever, U, iwtniitod by a pin, V, in the lover, L. Free cominuniration* 
is now establinhod Iwbwoen tho reservoir, G, and tho cylindHrs, A 
and 1), which together with the j)Jpe9, C and F, arc therofore 
charged with wiifteri The lover is now rcvorBiid,or [mt into 
tlie posilinii hIiowh in dotted lines in Fig. lOU (/f'J. The slide valve 
of tito cyliiider, II, now a<lniits steam to the upper side of the 
piston, I, which Idhether with the cylinder, A, and lever, Ij, tlmre- 
fore descends until the lop tool conies in contact witli the work. 
Fig. 400 (li). When this occurs, the point of attachuieut, M, again 
liecomes the fulcrum of the lever, L, and the last portion of tho 
stroke of the ])iston, f,»c)opr()sscK the joint, K, Qujving N downwards 
and causing the slide valve, 0, to adinib steam to the underside 
of the intcusider piribiu, S. Just at tho lime when the slide valve, 
0 , revci'SHS, tiie vulve, H, closes, shutting off eomrnunicRtion with 
the reservoir, (L lienee w'heri Ktcam is mlmiUed beueuth lh<s 
ptHtoii, S, tlio lutter is driven up,•producing an iulonsified pressure 
in llie cylinders, I) and A, and causing tlie prosH slide to exert its 
full force. The hand lever is now moved to the ponitJon showu 
ill full linee in Fig. 40i) (fl), and atcum being tulinithxl Iwlow tho 
piston, I, raises the cii<l of tho lever, N, opening tlie valve, li!, apj 
reversing the slide valve, 0. The water is thus permitted to 
rotarn from the cylinder through pijjoB, C and F, to tho reservoir, 
G, 30 as to allo\f the return strfjke o! the cylinder, A,1<o bo made*. 
The Kpritjg, W, is prfivided to assist in lifting Jhe slide valve, 0; 
and sitiiilarly, a spring, X, cnRiires the ieafcing of the valve, K; 
when the lever, L, ie in the position shown in Fig, 409 (r^). It will 
he seen that all tho movements of the press arc controlled l*y r 
single lever of short etroko, which ia a great convenienee for rapii 
operation, and that pressure water is ustsl^mljr when the ram if 
actually in contact with the forging, thus securing economy ir. 
working. In tho machine illuHtratod, Fig. 410, the press ram 
has a range of 12 iuebes, and one full stroke uf the steam drive) 
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cyliuder will giva h strolio of '1^ inches on the pre^s ram* This 
IB capitblo of dealing cuufily with material 5 inchea tiquare^ at a 
rate of 15 to 26 pretjaing strokes of average length per minute. 


X 



Fin. 410.'—RafiU A«tion Karglng VrcM. 


When tho pi*eaH ib rec^tired for planiahing or luiiahiug forgings, 
the Tuain cylinder, B, and hydraulic intensifier, D, are shut oH 
from the main press ram, and the small auxiliary steam cylinder, 
H, is used for working the press exactly as in a steam hammer. 
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Ihisi of oourfio, Btrikee very li^ht biowe, aulticiout for fintshin^ 
work only. The inalii fraujo o! tlie prosH in a mild bteul 
of box tieetion, the main oyiindor ia of etee], an^ the 

fixed main ram is ,of pbcMphor bronze. Tlie preasuro pipes 
are of solid drawn steel tube 2 inches l>ore, to allow of (juick 
working. 



CHAPTER XX3tV. 


EX&HPLES OF HEAVY FORGINGS IN IRON AND STEEL. 

Iron For^n^ are ma<1e either from puddled bars, or from 
hammered Horap. In thn hret (n\m, the bars are made into a pilo» 
about 18 inches louRr 15 inches wide, and 1*2 inches hifrh, the 
bars being of different dimensions in^ach row to cross the joints. 
The pile i.s several iinaes re-heated and re-worUed to expel the 
stag and cinder, and is shingled down into a s^h, or into billets. 

Ilaniraei'bd scrap ** k generally specified for engine forgings of 
wrought iron* The scrap should consist of shearings and punch- 
ings from plates, pieces of bar, turnings, etc., and should be well 
mttled in a foundry tumbling barrel to remove dirt and rust, ff 
care is taken in arranging the pile for liealing, and the welding 
ia thoroughly performed, better forgings can ho ubtaincKi than 
from pudtilod bars. For a large forging, several sliilm are 
piled together, with small pieces of iron interposed betwc(ui 
them to keep the surfaces apart and allow free accosn for the 
dame. The centre is thus raised to the same temporaturo as 
the outside, and the whole mass brought to a uniform welding 
beat. Instead of tongs, a staff or *' porter " is used to carry 
bha piece to and from the furnace, and manipulate the forging 
under the hammer. Tlie staff consists of a long tapered bar, 
made round so that it may be coDveniontly rotated within a 
loop of cha^n by means of which the work is snspended from 
the cra^ie. It is welded temporarily to the work, and is used 
aver and over again for many forgings. Either two or four 
handles may be clamped upon the end of the porter for use 
a levers in turning about the forging on the anvil by two of 
the ** under men," who are assisted as required by Several 
others in charge of pointed rods or " lifters," sinidavly supported 
in slings hanging from light overhead jib cranes. The forgetnan 
bimself applies the various tools to the work, and directs opera¬ 
tions, giving instructions by signal or otherwise, to the hammer- 
Euan, and to the different members of the gang. Tbe system of 
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vorking will be clearly understood from the photograph, Fig.4U, 
vhioh shows tho operation of forging an engine shaft under an 
Mon steam hammer at tho Low Moor Ironwork^ 



■■ 


•Making a Shaft Forging.- Bars “P to'e 
are made by rolling, bot if above that they are forg^ undei 
the hammer or press, the additional working to which they an 
L "S-ted «»vlng to develop the lull strength of th, 
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materiftl. Two or throe alahH are placed on a staff, iDserted in 
the foTiiaoe and raiBCd to a welding heaL The whole is then 
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thoroughly voided together into one solid mass under the steam 
hammer. Prom this, by drawing down and swaging, the first 
portion of the round shaft is produced. Purthor,f!labfi may then 
be welded on, the piece txii'nod over, and tioveml siinil^vr slalu 
added on the opposite side. The operutioiis of drawing down and 
Bwt^ 2 ^ng are repeated until the required length of round shaft is 
obtained. If a crankshaft is reqairdJ, more slabs are welded on 
both sides until a butt is formetl equal in depth to tho crank. 
The method of forging a locomotive or other doisble-throw crank* 
axle in best Yorkshwe iron, as practiKe^l at Messrs. Taylor 
Bros. & Co., liUl., Clarence Iron and Steel Works, Leals, 
may'be reforred'to by way of illustration, Piocea of iron al>out 
11 inches long and inches scjuare, are piled ” oji a wooden 
board, as a( A, Pig. 112. The piles are cbargeil into a ro-liuating 
furnaoo, and raised to a welding heat. Karii ])ilo ie in turn 
taken oxit of tho .furnace with suitable appUoneos, os descnlwd 
above, and hammered out fiat under the steam hammer. Piles 
in sufficient unmber to give the reqiiirwl weight aro placed one 
on top of the other i^ile still hot, and made into a bloorii, as at 
AAA. This bloom is put back itilo tlie furnace, raised to a 
welding heat, and tiien worked under the steam hammer until a 
solid slab is produced, as at B. The bloom is re-heated throe 
times in succession, and after each heat is thoroughly hammered 
to secure a solid Hhib. Three sfich slabs, with the edges slightly 
rounded to allow slag or cinder to get away, are then piled 
together in the furnace, and re-hented to a welding temperature. 
Meanwhile, a porter liar proptirly preimred, is raised to a welding 
heat in another furnace. [Shortly before drawing the throe pil^ 
slabs from Llm furnace, the end of tho ^>orior bar is inserSed into 
the Bpace in the pile which haa been prepared for it, as shown 
at (), and is tupped into the mass to make it ndhere*by gelding. 
The whole ie then drawn from the furnace, welded together nnder* 
the steam hammer, and shaped to a biotm or ** use ** shown in 
thickness and breadtli in the two views at C. Holes ard punched, 
and pieces cut out hot as required, to bring the use to the shape, 
shown at D. To aecomplish this, the portion or gusset,'* h, is 
jufit cut away with a large chisel or cuttfir uq^er thd hammer, 
the end roughly rounded up, and cut to lejigth. Next, the portion, i, 
between the wobs is cut out, and the middle roughly rounded 
np. A porter bar, j, is now clamped on the end, k, and the bar, 
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fViarked I, cut ofF. The use ia then ** turned end for end ” to 
enable it to Iw brought to the form E, the tomer, being 
removed by euLters, and the end rounded up and cut to length. 
To bring tlio crank weba at right uiiglee^ ,the middle portion 
l)etwoen the woba ia ro-heated and twiatedbymeanHof a apiinner, 
n» which ia clam|)ed to one web, o, the other web, p, being bUd 
between the anvil and the top of the hammer, h'liially, tho 
middle, which has been left large enough to allow for finishing 
after twisting, is hammered or swaged down to the required 
sii^e, as suggested in dotted lines in the view E, to give the 
dniahod forging ahown at 1\ 

The method of forging a steel crink axle as carriofl out at 
Messrs. Taylor Bros.’ works is oasonLiaily the sarne as Jibove 
doseriljed for iron, except that the first two processes A and JJ 
for huiiding up the bloom are omitted. In the ease of steel, 
which is now in general use for crank axles, a solid ingot is cast, 
which IB heated and broken down or roughed into a bloom of the 
fonn 0, when the work proceeds exactly as l^efore. 

Steel Forgings are produced from ingots by a process of break¬ 
ing down the solid block by means of sets and swages. The 
example of a marine engine connecting rod, Fig. 4IH (a), ia given to 
show the essential difference in the treatment of iron and steel. 
To make the forging in iron.&labe are welded on to a porter until 
a lump is obUined sulliciently large to form the forked end and 
a portion of the body of the rod as at {h). As previously explained, 
the forked ond is forged solid, the piece shown in dotted lines 
being cut out by boring, Blotting or milling, in the machine shop. 
The forked end is worked to shape by means of sets and Bw^es, 
the body drawn down, and more Blabs piled on the end to extend 
the rod, as at (c). Tins is continued to complete the butt end, the 
tapered form given to the liody, the fork finished to dimensions, 
and the porter out off, aa at (d). It will be noticed that with 
wrought iron the process is one of continuoua building up, and 
that the BOundnesB of the forging depends largely upon perfect 
welding, which reqniroB proper healing and good hammering. 
With steel, on the other hand, welding is avoided. Taking the 
same condccting rod as before, Fig. 418 (a)^ it will be seen that, 
commencing with the pi'isinatic block, Fig. 413 (e), a portion for 
the fork is roughly forged at one end, leaving the remainder at 
right angles for tbe butt end as at (/)■ From this, by repeated 
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Tro. 4I».—Connectfpg Bod Forging* la Iron and 9M, 
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form the boaa of the fork, rounding tho body by meanBof swages, 
and fullering out curves to the projier radius as seen at (A). 

The photograi^h, Fig. 414, kindly sujppUed by Messrs B. & S. 
Massey, Ltd., of Manchester^ shows a S-toc Bigby type eteatn 


I 



Km. 414.—Mftlitig DuMl>U‘.throw CranLnbBft Forgiqg. 


* hammer at work in a forge, rounding np the middle between the 
sweeps of a double throw crankshaft forging. It will be noticed 
that a weight ha.*) been clamped on one end to counterbalance 
the sweeps. The shaft is supported in such a manner as to 
permit of its being readily rotated under the hammer by means of 
an endless chain running round a pulley hanging from the cran& 
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DROP FORGINO OR STAHPINO*JX)ROINO HAGHIKE8, ETC. 

A.S already described, hand-nuu]« forgings are frequently 
finished in dies under the ateaiu hammer, eBpeciitlly if a largo 
number of the same Article have to be made os nearly as possible 
of the same siz^ and shape. This is in fact, only an extension of 
the method of forging iti* swages, of which the collar Hwage, 
Fig. Hll(/),TiiAy be regarded as a typical example. Aetep further 
haa led to the ^loderu practice of attimping, in which a solid 
lump, with little or no previous treatment by band, is Bt^ueezed 
between dies to the aha(>e required with one or more blows from 
a drop haniiiier of the type shown in Figs. 8VJ, 320, and B21, or of 
the special form of K^am hammer, Fig. 341. Such “ stampings ” 
are extensively used for parts of rides, sewing machines, bic^'cles, 
motor cars, etc., and when required in large quantities may be 
produced very cheaply, and with great accuracy, thus reducing 
machine work In a moiimum. Tlie dies are usually in pairs, one 
part secured to the tup, and tho^uther to the anvil of the hammer; 
or the dies with tlie work 1 between them may l>d placed on the 
anvil, and struck by the falling weight. In articles of from 2 to 
4 feet in length, and for heavy forgings, the hydraulic press is 
employed, dead pressure being more i)enetrating than impact, 
as already explained. If only a comparatively small nujpber*Tff 
stampings are required, the dies may be made of good cast iron 
of massive dimensions, wrought iron or mild steel hands being 
shrunk round them tn prevent fracture under the blowv of the 
hammer. Cast iron dies are moulded from wdbd patterns in the 
ordinary way, and the surfaces are clean^ and polished by hand. 
They possess the advantage tlmt when a pattern has once been 
made the dies may be replaced, in case of fracture, at very* 
trifling cost. For Che production of a liqfge number of pieces, 
the dies are best made of forged steel case-hardened, or even of 
crucible cost tool steel, hardened on the face. The recesses in 
steel dies are cat out of solid as far as possible by milling or 
profiling, and are then finished by band, using the chiiel, file, 



m MECHANICAL TECHNOLOGY. 

and Kcraper. ** Die-sinltitig " h in fact, a highly-Bkilled trade to 
itself, requiring: special training and experienoe,and steel dies are 
therefore very costly. The life of a sleel die of average size 



when working on mild steel, may be taken at from twenty to 
thirty thousand pieces. 

Prooeaa of Stamping.-''ArticleB of very simple form may some¬ 
times be stamped and finished in one pair of dies, bat in the 
majority of cases it is necessary to work in stages. The ** stock 
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ot lump of motal, ie, as a rule, subjected to a ptelimii’iary 
“ breaking down ** by the Bmith, bringing it roughly to the shape 
of the Btainping. Aa operatiou, it may yion 1 )b platfcd at 
a white heat in *[ edger ’* nr roughing down die«, ^hich are 
approximately of the form desired. With a few blowH oi the 
bnmiuer, or etrokoB of the press, as the ease uiiiy be, the top and 
bottom dies are brought asclose togcilier na possible. It will then 
be found that the surplus nielul has iNicn squeezed out between 
the dies forming a “ iin ” or flash "—u feature inBei>arablo Erorfl 
etamping. The secopd operation is to remove tbs fin in a matrix 
or " Blripping die '' in an adjaeout huminer. Should the tin be 
very thick, thc*forgiDg miv^t bo pub back into the roughing oat 
die, and the reauUiiig fin again cut oil. After one or two trials 
the stamper is easily able to avttid any undiie excess of mcUl in 
the fin. Vor tite third operatloUj all traces of the fln are 
removed, and th^ object brought down to exact si^se in finishing 
dies, which should leave the smooth and glossy surfiice chauicter- 
istic of goo^l work. The flnisbing dies nmat be made with an 
allowance for contraction,, amounting on tho average to per 
cent, over and above the dimensions of the finished article. The 
method of procedure is clearly illustrated in t ig. 415, which 
shows a set of tools sujiplied by Mcshv}'. B. k S. klassey, Ltd., 
of Manchoster, for stamping engineers spanners. T))e rough 
bar is seen on the left, imd tho dillerent AtagoH In the 
process are arratiged in order, tho finished stamping being 
shown on the extreme right. The dies and tho work appear 
dark, the liglit-coloured blocks being used merely ns supports in 
obtainiDg the photograph. In the case of small pieces, it is o^gn 
possiblo to arrange the several sets nf recesses for runghiag down, 
cutting oH, finishing, etc., in one and the same pair of dies. T&r 
stamping is sofnetiniee liable to stick fast in the die, duetto con* 
traction in cooling, or perhaps on account of jts shape. A hok 
U therefore made through the die in some convenient position, 
in which a bar may be inserted for knocking out tho fatnmping. 

Examples of Drop For^nfl. —A Iosh on one side of adevej 
may be formed in a single die, Fig. 416 (ft), the fla^ surfacse of the 
ordinary top tool of the hammer or press doini^diity ift the upper' 
die. In the same way, the T end of^a small eccentric rod, or 
the foot of a pillar for a hand railing. Fig. 416 (i), may be dealt 
with. The loose piece shown at the bottom ol the slot ^)ermit8 




FiCt. 416. 
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the ready removal of the stamping from the die. Circular 
danges for wrought iron pipes are stamped from a round lump 
carried on the and of a porter bar, an hIiotvii in Fig. 41G (c).# The 
bole in the hues ie formed by a puncli loft solid'in the lower die, 
but not coming quite through to the surface, to prevent die • 
actually striking the other when fracture would be very liable bo 
take place. Fig. 410 (d) shows the dies for stainpiog a small lover, 
with punches for the bole in the 1)obs almost meeting at the 
centre, thus leaving a lin which k easily removed whan boring 
out the lever. , 

In many cases, drop forging or stamping is to bo regarded 
simply as a • finishing process, the object being to obtain 
uniformity in size and shape, and to reduce the arnonnt of 
material left on for machining. It is, for instance, impossible 



FlC. 417,.- of lllc» (0 aviiiil riii, 

• 

to produce from the square bar or lump in one pair of dies the 
two^amed lever shown at (t), Fig. 416. In tho first place, the 
piece is forged very roughly to shapo on the anvil by hand in 
the usual way, as at (c), ami la then placed at a wliUo heaMn 
the roughing dies, (/). By moans of a few blows wn rapid 
saccession, the dies are brought as close together as possible, 
leaving, however, a fin as at (<;). This is reuidVed from the 
still hot stamping in the stripping dies, (k), (pr which a aeparato 
hammer is usually provided. SUouid the fin be very thick, 
the piece is put through the roughing dies a second time, and 
the fin again cut ofS. Finally, all traces of the fin are removed, 
and the exact shape given in the finishing dies^ (j), which are 
divided in such a manner that one of the faces of the centre 
boss is the only part which comes in the upper die. If a very 
large number were required, the piece shown, or even a more 
complicated part, might be produced without resorting to hand 
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work by employing a Beries of die», each one approaching more 
nearly to the finibhed form. 

To obtain a smooth polished surface, work of cylindrical form 
should hji partially rotated after each blow during the roughing 
< down process. If the dies are made as shown in Pig. 417 (o), 



Fro. 41S-—Roug'^fng and I''iDiihmg Die& for Stamping an Ejebolk. 


the fin produced by one blow will therefore be driTon into the work 
,by the next after the work has been given a quarter turn. The 
euriwM of thq^ work will in this way be badly marked, and 
altogether ^infit fpr fnachiniug. By making the dies with 
rounded edges, Pig. 417 (5), the fin is avoided, a slightly elliptical 
aeciion being obtained instead. This may be rotate without 
fear of }>rod\iomg any unsoundnesa in the forging. When the 
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ffork cannot be rotated, some other iiieane mtiet be provided to 
permit the fiurpliia raelal to eRCjijie from the die, A cfmnnel 
jernied the " flaHh,*’ about g or 3 indi wide and .from fct) ^ 
inch deep, Ik fre<]ueTitly milled out y£ the face of t)ie difi round 
the outline of ilie recess, » 


to lontain {ho fin, This 
ie afterwards cut off in 
the trimming nr atrip- 
ping die, an example ol 
which iif seen in Fig* 
il'Mfi)’ The die simply 
contninB a ** g^tc,” or 
hole of tho same shape 
as the outline of tlie 
stamping, t^e holtf taper- 
mg or clearing sightly 
towardsthebolboirt. Thii 
die is shown cut away 
at the corners to hilio 
the |«>ppet screws ” by 
which it is held on the 
anvil, in such a niatniei* 
as to admit of exact 
adjustment* The strips 
ping punch, correspond¬ 
ing to the upper die, is 
usually dovetailed to 
the lup. The dies for 
stamping an eyelKiU 
are shown in l^ig. 418 («) 
and {h). ^In the rough¬ 
ing down operation, a 
' Bplierical or ball end 
with collar is forged on 
the rod, the amount of 



in the ball l>eing jnst what 



required to form tlie ring suhaequently. It will be noticed from 
Fig. 418 (a) that one impression is providfid to prodifce the ball 
end, the groove on the left serving fnr^tho slrnnk, which may be 
ol any length desired. The edges of both impressions are 
rounded off, as explained in Fig. 417 (6), so that by rotailtng the 
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work through 90^ between each blow of the hammer the forma¬ 
tion of fin is avoided. In the finiehing dies, Fig. 418 (b), the 
spherical lump is punched out and spread to form the ring or 
eye, and the shank brought to required dimension in a separate 
inmresslon. 

The illostriiition, Fig. 416, shows several sets oi stamping dies 
and trimniing tools supplied 1)y Messrs. Massey, of Manchester, 
with one of their stamp batteries for producing draw-bar hooka, 
shackles, brackets, and other fittings. The roughing down, 
stripping, and finishing dies can be easily traced in each case. 

For^in^ Machines.—Closely allied to the stamping hammer 




FlU. i2(5.'~L’rirKi5ple of Nut aiirj Holt, "Kor^ln^ Un^hiac. 


nm two types of forging metdiine, operated mechanically by crank 
atid connecting rod or toggle mechanism from a geared-down 
powor-drivdn rfiatt. In stamping, it may he said that the process 
is almost invarial^ly that of drawing down, but with the forging 
macliine, although the work is produced indies, the actual opera¬ 
tion ie limited to that of vipsetting or jumping up by means of a 
power-driven ram. Ti)e first machine of this type was the Horsfall 
Holt afid Foygim) il/ur/imc, originally introduced by Messrs, 
(rreenwood and Hatley, Ltd., of Leeds. The machine is intended 
for the manufacture of bolts, nuts, pins, spikes, rivets, and 
similar work which may be farmed from a round bar. The 
principle of working is shown in Fig, 490, The work is gripped 
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between two side jaws, one of which, ti, is fixed hi position in the 
frame of the machine. The other jaw, h, is atttiched to a slide, to 
which a email movement is imparted hy the iimcliine, so that *he 
two jawa are brought ju contact with eonsiderahle preseur§, once 
during each revolution. A rod of the proper size, the end of 
whit* has teen hcaud in an udjacimt furniice, is introduced 
through an outlet in the fruiiic^dthc iMuchiiie, and when the jawa 
opeii; is inserteil lietweeu them, being puslicd forward to project 
against a stop which has been adjusted to give the length of rod 
required to form the Ijjiid by jumping uji. The jawa close, 

(1) , holding the rod (irmly between tliem, and at the same time 
the stop is lifted ffutomaticall^ out of llio wny to allow a ram c 
to advance, upsetting the projoctiiig end of Llia rtxl and forcing 
the metal inte the cavity formed iti the die carried by the ram, 

(2) . The change of Rhapo from 


the round rod to t^e form of 
sud required is frequently too 
great to be acootnjilishod in 
:>m operation. In sucNa chhc, 
two or more dies may be 
carried by the ram, the first 
for roughing down to an inter- 
inediata form, and the second 
for finishing, (3), and it will 
generally he found poKsible to 
pass from one to the other 



WI.-Uripping .lawn for Nut and 
l^ih Furging Macliin«. 


with euccessive strokes of the 


nachine at one heat. Hence, the gripping jawa must be pro- 


/ided with two ot more sets of grooves at different levels, corre- 


iponding to the dies in the ram, a« in Fig. 421. The lophon^Jer of 
‘ bunting ” tool, d, acte first, brealtiDg down thu metal to form 
he head. Tbe side jaws then ojxm to allow the bar fco*be placed 
n the lower gripping dies, in which |K)ftition it is again gripped, 
ind the head finished by a blow from the Ipwer tool, c. In the 
laae of machines arranged for producing nuts, the ram carries 
dso a punch. An important fe^kture of the machine is the qse 
of “side hammers,*'which not only enable better-formed work to 


be produced, but also permit a wider range o< artidel to^bo dealt 
with than is possible with header or hunter hmU only. The side 
hanunersare carried in separate slides, arranged alongside those 
for tbe gripping jaws, Fig. 422. Tbe “bunt," as at/, ia first 
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FlQ. i2S.—BonCall Nut ajid Bolt Forging M&chitie. 





DROP FORGING OR STAMPING. 657 


produced as already explaiced. The ^ork is then lowered into 
^6 second pair of gripping diefl, a ond h, and the second tool, e. 



Eorms the work to the desired shape, whil6 thp side hammers, 
? and ft, work the metal from the sides.. To relieve the machine 
tcom any undue strain should the metal accidentally become 
jammed between the lacee of tlxe gripping .dies, a cast imn 
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safety br^alidr/’ t, is inserted between the frame and the fixec 
gripping die, a. This breaker is made sufEcientlj strong to with 
stand the normal working load, bnt; to give way ehouid an^ 
exceptional pressure come upon the machine. Eig. 428 is fron 
a photograph of a machine capable of producing bolts, etc., up tc 
inches diameter. The same machine, with the cover piatei 
removed to show the sliile')^, is seen in Fig. 424. The drive h 
by means of hist and loose tiy-wheel pulleys on the cam shaft 
whieli is carried in hearingH at the i>ack of tlie inaiu frame. 
Motion is transuiittcd to the avm shaft by a special type ofciutcb 
which allows the cam shaft to make one complete rovotu'ion and 
stop with the dies wide open, or to run coutinuouHly a desired 
The clutch is operated by tlie treadle at the front of the nachine 
The guides for the closing dici, side hammer, and hea<ler slides, arc 
formed in the bed, as scon in Fig. 424. The cams, which are o1 
chilled cast iron keyed on the cam shaft, l}ear against hardened 
steel thrust pieces on the ends of the intermediate slides or rams. 
These are provided with inclined or wedge-shaped ends, which 
operate tlie transversely moving slides carrying the closing die 
and side hammerii respectively. The safety breaker inserter 
l>6tweeii the frame and the end of the fixed closing die slide,. 
seen on tlie right. When the work has been completely forme( 
it is cut off at the same heat by a pair of shear blades, one earrio 
rigidly cm the main frame, and the other on the end of the right 
hand sido hammer sHdo, an adjustable gauge being provided to 
give any desired length. A drawing of a larger machine, having 
a capacity up to 2^ inches diameter, is given in Fig. 425. Here 
the drive is through donble-Uetical reduction gearing, the larger 
wheel jf which is connected to the cam shaft by the clutch as 
before. A is the header sUde, fitted with bunting and finishing 
dies and punch. B and C are the closing slides, acting tranB” 
versely, and carrying the gripping dies for huldJug tl>e bar, 
D and E are the side kammer aliden, also moving transversely, 
the latter carrying the shear blade, F. The cross section shows 
clearly the arrangement of the heading tool, and the method of 
imparting motion to the slides. Two cams are reijuired for each 
slide, giving the forward and return strokes respectively, Fur 
the forward motion, the cam bears directly against a hardened 
steel plate on the end of the slide. To effect the return stroke, 
the corresponding cam actuates a lever which is mounted on the 
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mftin frame of the macliine* and which, by means of a oonnecting 
rod, is coupled to the slide. A strong helical spring, inserted 
between a fixed briicketand the slide, serves to maintain the parts 
in contact. A similar Hpring at the front of the machine serves 
same purpose for tlie transverse slides. In addition to bolts, 
nuts, and rivets of all kinds, typical examples of work done'-by 
the Ilorctall machines are shown in Fig. 426. Machines of this 




FJO. 427.—Caafc Iron Ulocks for Bending Brackets. 

o 

type are capable of being worked at from 25 or 30, up to 60 or 80 
strokes per minute, according to si^e. 

The second variety of forging machine, the Iirndtnji pre98, or 
^ “ Bull-dozer;!" as it is terme<l in America, is mainly employed for 
work wbich can be produced by bending, although available to 
some extent for u^e with dies. A simple form of block for bend¬ 
ing a double corner has already been noticed, Fig. 347. Another 
example of the use of cast iron blocks for bending a bracket from 
flat bar under the steam hammer is shown in Fig, 427. Much 
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of the amithwork for railway waggons is of this character, and 
many other instances can,bo found where aucli pieces arc reijyiretl 
in large quantities. For lids purpose the bonding^ press, Fig, 128, 
is admirably adapted. A slide or ram, driven by crank )nd 



connecting rod mechanism from a donbls-gcared shaft, arid 
having a constant stroke, may, by ueing suitable distance pieces 
and packing, be caused to exert the pressure necessary for 
squeezing into shape between cast iron blocks articles pf atf^ 
fiimpld form. 



CHAPTER XXXVII 

PRODUCTION 0^ PARTB BY BOLLING. 


The Roiling Mil].— WrouglU iron or mild steel may be reduced 
to the form of bars or plates much mora rapidly and cheaply, 
and at the same time more exactly uniform in Bection, by rolling 
than by forging under the hammer or the press. Hence, plates and 
bare of flat, round, angle, tee, channel, girder, etc., section, and 



Fig. 4W,—Action of KoUb In Fio. 48D.“Flow of Ifotal in 

Ilollinff., ^ nolUng. 


rails for ti;amwayB and railways, are invariably produced by 
rofling. 

A RoUj-ng *MiU usually consists of two cast iron rolls, the axes 
of which are placed horizontally one immediately above the other, 
and are capable of revolving in opposite directions. The work on 
being caused to enter the rolls is thus carried forward by friction, 
and the centres of the rolls being maintained at the proper 
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diatanca apart, some reduction in thickneBa take» place, accom¬ 
panied by a coiTeaponding increase in length, Ihe width beinc only 
slightly affected. In onler that the worlt may be soizea and 
carried forward by-the rolls, certain coudilioiiB, Fig, «9, niufib 
hold good,. At the point of contact of the original thickness T qf 
tlfe piece with the rolls, the nornuil reaction N may taken to 
act. The friction F l)etwecn the worR and the rolls is then = N^, 
whorep = coefheieut of fiictiou for the giveti conditions. If now^ 
the forces N and F are resolved into their horizontal and vertical 
components N sin a imd N cos a on the one hand, and ¥ cob a and 
Fein a on the other, then it will l)e seen that the component 
F cp 8 a tends lo* draw the prork between tho rolls, whereas the 
component N sin a acts in the 0 [)puHite direction. Therefore 
■ . F cos a > N sin a, 

or, p N cos a > N sin a, 

* sin a ^ . 

or, - — u> tan a, 

CHS a 

Calling 7 = angle of friction, then, as is well known, n == tan 9 , 
and we have 

tan 9 > tan a, or 9 > a. 

That LB, the angle a ninet be less thati the angle of friction, if the 
work is to be carried forward between tho rolls. The angle a 
diminishes with an increase in*the radius of the rolls, and with 
the difference between the thickness of the work and the distance 
between the rolls,or in other words, with the reduction intlie thick* 
ness of the work due to rolling, =:= T — f. The ability of the rolls 
to seize tho w^rk therefore iucreaseH with the diameter^of the 
rolls, and with dimiiiutioa of the reduction in thickness due ta 
rolling. With one passage through the rolls, only a co^jparatively 
small reduction In thickness can therefore take place. The work 
is consequently caused to make a number of passes through the* 
rolls, *at each of which the rolls are brought nearer together if 
plates are being rolled, or grooves of different ebapeB and depth 
are uBed when rolling bars or sectione. _ * * 

The flow of the metnl, as it is term^, which \a^a place 
in rolling is shown in Fig. 4«10, from which it wil^ be seen that the 
material on the outer surfaces which come in contact with the rolls 
is pushed forward, leaving the inner Uyete behind. The %clion 
to which the material is subjected ia well shown in Fig. 481 , 
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which represents the results of some eitperimeots by Folak 
of Prague, carried out upon a mass of china clay ai'ranged in 


vertical layers ^of di^eront colours* 


The outer layers iu contact 


with th6 rolls are carried forward on account of the fnctlon due 


to the pressure of the rolls upon the work. In consequence, the 
material, in the interior is not only subjected to pressure, buf is 


also put iu tension to some extent, and its motion is retarded. 


^ The Qxtreino end of the piece Isiitig rolled, on the right of the 


figure, was first seized on entering the rolls, and it is only ut the 
fifth vertical layer from the right that the’"true jvetion of rolling 
commonces. The top and bottom of the vertical lines to the left 
of the ndis are eunsed to slope more ilnd more towards the right 
until the full reduction in thickness has occurred) the matenal 



Fxn. 4;IL—.^ctio|| fsf L'Ufilic in Kullin^. 


on the exterior being pushed forward. At the same 
distance apart of the vertical lines increases as they are bem^ te 
horizontal lines l>eiiig brought closer together. The veloeitA >f 
• the bar as it leaves the rolls is somewhat greater than tivi 
circumferential velocity of the rolls, duo to the stretching of the, 
outer’layers. The action is a Houiewhat oompUcatefi one, of 
which no satisfadtorj theory has yet been proposed. 

A Ti’oin of RolU is shown diagrammatically in Fig. 482. Tt con¬ 


sists of three sels of ** housings," hht kihtj and hji 2 , to contain 
respectively the driving pinions, p//, usoally of double-helical 
pattern, the loughing rolls, rxrj, and the finfshing rolls, rsV's, which 
may be arranged either " two-high," Fig. 433, or in some 
instances, *'three-higb/’Fig. 433. In either case, the pinions, 
g 0 , ve driven through the shaft, a, from a powerful steam engine 
or electric motor, of which, the fiywheel,/, is carried in bearings, bb. 
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a coupling, Ct being proviiled to <1etnuli the train in case of emer¬ 
gency. In tliLfl way power iu transmitted tlirough the pinions tc 
the upper rolls, the bearings of which are capable of adjustment in 
a vertical direction by means of screws, whilst the lower rolls rur 
in fixed bearings. The connection between tlie pinions and ihi 
roughing; rollSj and again between the ronghttig anrl the iiiiishing 



Vw. nil.—nrenkiiig and Wobblers. 


rolls* is made by means of ^‘brealiing pieces,” and coupling 
boxes or “ wcddilers,” n'u\ the latter fitting loi>Bbly over the star- 
shaped ends of the rolls and spindles, Eig. 434, and thus per¬ 
mitting the distance apart of the centres of tJte rolls to be altered 
slightly as required. The breaking ijieces, j);), are purposeJji 
made just strong enough to transmit the mxixiinum power 
required to drive the 1 * 0116 , so that should any greater rcsishince 



due, say,, to sticking of the plate or bar, be eucounterOif, the 
spindle wilt be broken instead of the much more costly foil. The 
latter- oonsists of a central portion, Fig. 439, with a projecting 
piece at eaich end, part of which is turned up to form the journal, 
and the remainder shaped as described above to take the wobbler. 
The central portion of the roll is perfectly smooth and cylindrical 
in thetoase oi a plate mill, but has a series of grooves turned in 
it, when designed for rolling bars, rails, etc. The length of 
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the^oentral portion sliould not exceed from 2^ to 3J times the 
diameter. 

"Three-High ".—The disadvantage of the "Itvo-high^roU* 
ingmill, Pig.432,ia;that after each pass the work must be jreturnBtl 
again to the front side before rolling 
e*fti be continued. This is most eftsily 
effected by placing the bar tm the irop 
of the upper roll, by which, as seen 
from Fig. 436, it is carried back in 
the reverse direction. The loss cl 
time and consequent cooling of the 
wo^ which obcure in this way is 
entirely avoided with the “ three-high ** 
ftrrangemept, Fig. 437, which enables 
rolling to be pei7ormed in both direc¬ 
tions, as shown. , 

liereming Hailing Mill .—With 
"three-high" rolls the work reqairesto 
be raised on one side of the rolls, and 
lowered on the other, to enter the proper 
groove for the next pass. For light work this is of little conse¬ 
quence, but boiler plates of large area, and lieavy sections, such 
Ls armour plates, etc., can only be raised and lowered by 
ineclianical meana This may be avoided, and the cost of one 



r 


Pro. 4Sr.^“Thrce.hlgh’» Boll¬ 
ing Mill. 



>f the heavy and expensive rolls saved, b^the metHb^ of revera- 
hg the engine which drives the rolls after each pass, Fig. 486. 
£be reversing rolling mill was first introduced by the late Mr 
fohn Bamsbottom, formerly chief engineer of the L. ^ W. B 
3o.*a works at Crewe* 
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Tlie sketch nlso stiows the '‘live rollers*' for bringing the 
work to the rolls. These are all clriven by bevel gear from the 



P^JO, 43fl.- -yurm of Gpoovm in liolh.' 


same shaft; which is operated by a hteam engine or electric 
motor, iind is capable o! being started or reversed, as the direction 
of rolling may rcijuire. Live rollers are always employed in steel 



Fta. 440.—Section of Otoovch for Square and Ftat Bara. 


. u 

mills, on account of thb great weight of the Ingots and slabs to 
be dealt with. 

Form of Orooves in RotU, —Tw'o different types of groove are 
in use, known respective^ as opm and closed. The former, shown 
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(«)> Fig. 469, 19 only omployed for round juhI Htjuaro Hoctions, 
ilat flftt bftr, ¥i»ii. 469 {!>) and 441, jolsta, ntila, etc., Fige. 446 




!)d 445, must bo rolled in closed grooves. As closed grooves 
innot be used for plates, thu edges cannot be rolled true, but 



must be sheared etraiglit when cold. 1610 rough ohds of bars 
uid rails ere cat etraight or “ cropped^’' immeSiately after rolling 
and whilst still hot, with a circular saw. 

It is intended that the pressure of the rolls upon tfee work 
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should oome in a vorticiiJ direction only» in order to bring aboui 
the desired redaction in thickness. Home little increBse in 
breadth must, however,take place,and it therefore follows that the 
work must never be wider than the groove which it is to enter. 
To allow for this, the w'ork, after each pans, is turned tlirough an 
angle of before entering the next groove, and in a series of 
grooves for rolling down, say, round or square bar, the height of 
each groove is made somewhat less than the breadth, and the 
breadth rather more than the height of the preceding groove, as 
seen in h'igs. 440 and 442. By turning the work tlirough a right 




FlO. 44H.- Sequence of Gittovee for Unlllii" T arid Girder Sections. 


angle at each pass, the action of rolling in consolidating the 
metal is^felt in all directions, the work done in this way^ having 
an important inhiisnce on the quality of the product. The last 
groove in any series mflst, of course, possess the exact form of the 
section of the finished article. It might be pointed out that in 
^ig. 4811 are shown portions of three separate lolls, each of which 
would, of course, contain a series of grooves for one form of 
section only. The sequence of grooves for rolling out tee and 
girder sections is given in Fig. 448, and it will be noticed that 
the above considerationa apply in this case also. 

It is, of course, necessary to roll out the given section from the 
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pile U> feho lliiialifitl hwu in am hunt, iitid it is tlievefore desirable 
to reduce tUe ijumbev of passw and eonaequeutly the namW ol 

grooveB in the rolls to a iniiumuin, the number and cost oU the 

* 





rolls thetoBelveB being at the ganio time kept as low as possible, 
the design of the grooves of the proper sWnpeJio elfecf this object 
is a difficuU matter, requiring conaidqrable experience. In Fig. 
444 (o), is shown the development of an angle iron from the bloom, 
which is brought down to the finished section in severf passes, 
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444 (ft), the grooves in the rolls being fonnetl as in 
5 . 444 (c). 

flanged ruiltt and ginleriSeclioiia are rolled iu closwl grooves, Fig, 



Ffc. ^1R.—(’ojijjinij K(i!N tor Triiin Kail. 


15 (a) and (ft), reapectivel}', neven or eight i)hss <'8 being required 
) bring down the prismatic bIwU or ingot to llm Jiiiialied form, 
ertain sections,some portion of wlhcJi isunderciit, mayHometimes 



Fin. fL9.—Itou^liing UniiH tor Tram Rail* ^ 


be dealt with iu two distinct operations. Formorlj^ groovJ^ rails 
for tramways, etc., were first rolled to thtf forvi shown at (a) in 
Fig. 446, the lip being afterwards Ijent into proper position tc 
form the groove aa at (ft), by meads of special rolls operating 
laterally. This method is still pursue<l in producing thS inter 
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locking aicol ehcefc-pUtng shown in section at (n), Fig. 447, the 
iona oi the rolls for which is seen iinme<1intely below at (1^)* The 
Up is bent over eubscqnently in a secoml set of rolls. For tram 
rails,however,fchismfitho<l wflSftbnndoaed some yearsago in favour 
of ,the present practice of fonning the groove by means of auxiliary 
vertical rolls. 13y the courtesy ol Messi's. Walter Scott, Dtd., 
Leeds Sleel Works, tbo author is enabled to reproduce drawings, 



Pigs. 448, 449, and 450, showing lusiiecfcively the cogging, 
roughing, and finisliing rolls for the British Standard No. 4 
tram rail. It will bo doLicc< 1 (Fig. 450) that during four pansos, 
working from right to left, the head of the rail in formed solid. 
At thci fifth i>as8 on the extreme left, the auxiliary vertical 
roll a comes into action, roughing out tiic groove. At the sixth 
and last pais on the extreme right, the section of th^ rail is 
brought down to siise, and the groovo fniiBhcd by the second 
auxiliary roll b. 
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WIRE.DR&WINO, AND WIRE DRAWING MACHtNERY* 


» Wire-drawings—The BnudleBt ais&e ot round iron or eteet 
“rod” which can be economically producwi hy rolling haw a' 
diameter of almut iuelu The smuU rolling mill employed 
forJthiB purpoeb runs at a very high speed, and the wire puttses 
continuoubly through five or bix grooves in succesaioii witli a 
velocity of,about 20 feet per second. After each pass, tlio wire 
is returned to thb roUe round 


a aemicircular p^th or large 
loop (hence the term ** looping 
mill '*), at tho centra of winch 
the workman stands hi a small 
sheet irou enclosuroi as a 
pi!;otection against possible in¬ 
jury should the loop be drawn 
in rapidly, due to one part 
sticking in tho rolls. All • 
ordinary sizes of wire, which 
are specified, not in terms of 
the diameter, hut by numbers 
of what are known as the Bir¬ 
mingham and Standard Wiro 
Gauge (B. W. G. or S. W. G., 
as the ^se maiy bo), arc pro¬ 
duced* by ‘‘drawing down” 
from the smallest size which 



Fj«. Dra# Plale an<l Actioo in* 
• * ]>7awiii(f. 


can be rolled. In this opera* « 

tion the thick wire, or rod of small diameter, is puller] thioug^ 
a die having a conical hole somewhat smaller ihan the rod, 
a reduction in diameter, and cotiBeijneAt increase* in length, 
taking place, Fig. 451 (a). The drawing is conducted in the cold 
state, or with the metal at ordinary temperatures, and ibis con¬ 
fers the great advantage that the wire may be drawn* bright, 
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subsequent polishing being unnecessary. The mechanical wor 
expended in bringing about a given result is enormously grente 
in tlte ease ot dmwing than with i-olling, and hence the forme 
operation is praelieally confined to the production of rods or wir 
which, on account of smalinesfi in sixe, would cool so rapidly tlia 
foiling would be impossible. Wire-drawing, too, results in' i 
change ili sikse only, ilio shape of the section remaining unaltered 
whereas in rolling, the reduction wliich occurs is mainly it 
thickness, some change in the form of section being inevitable 
In drawing, the form of cross section is not, however, limited in 
round, square, or hexagonal, and complicated outlines, such, to] 
inslance, aa the pinion wire of the plockmaker, may ho readily 
prodticed. Due to friction in passing through the die under con 
sidorable pressure, the outer surface of the wire is retarded uiic 
loft behind as compared with the matei’ial in thebentre, stretching 
thus taking place in the opposite direction to that which occut t 
in rolling. If the material before drawing be regarded as com¬ 
posed of a number of discs, the action of dntwing is to pull out 
the discs into tlio form of hollow cones, fitting one inside the 
other, Fig. 461 ((»). This exphuns the defect known as “ cupped 
wire/ which oftem occurs in a pronounced form in cold-drawn 
bars of about ^ inch in diameter. T)io defect Is probably due to 
the use of hard or iinHuitaiile material, which in passing through 
the die shows a constant tendenc} to tho cup and cone fracture 
suggested in Fig. 451 (5). The amount of drawing down which 
can take place at one operation is comparatively small, and a rule 
frequently used is to make the ratio of the diometors before and 
after drawing as 10: 9. Culling d and du the diameters in ioches 
of the wire before and after drawing, then the ratio of drawing 

down = r =:<.™ may be taken = '9 for iron, *926 for copper, and 

*96 for steel. The force P, in pounds, which has to be exerted 
in pulling the wire through the die is proportional to (1> the 
reduction in area which takes place; (2) to the hardness of the 
material, which may be expressed as a constant h; and (3) to the 
Ericticfii in the die, which may be represented by the coefficient/. 
Then ' 

The tensile strength of the reduced end must, of course, exceed 




To reduce the coeflTcittut of friction,/’, and ditiuniah wear of the 
die 0^ fer as poaKible, the wire is jmsscd tlirough home lubricating 
Bubstivnca just before entering the die. for which purposo oil, 
tallow, wax, $oap, stale beer, etc., art! einploj'eth 
Anoealing.'- As shown above, the rtuluetion in dinuietar pro- 
ceetis very slowly, and the wire must i>e drawn Uirongli a series 
of boles of gradually diminisliing diameter tr» reach any given 
Bi^e. lly roiieated drawing, tlic ultimate strenglli of the wire is 
greatly jncvoEiKed, the stniclu're of the metal bocotning closer and 
stringy, but the ductility is dimitilshed abuost in tlic saiiic ratio, 
ftntl in iliis condition the wire is known ns '* hard dnuvn." Ikfore 
drawing can be continued, such wire must be ainieali'd, to restore 
ductility, although with sorao loss of ultinuile Hivengtli. Drawn 
wire, even when miiiealcd,lms ulvfays a much liiglior strmigth per 
square inch than that of the rod from which it was ]H’odiicod. As 
an example of dTa\Ying down, it may 1« taken that to reduce 
iron wire from to hicii in diainetor, roijuirtu) the passage 
through twelve holes in the drawpIaU^ with three litnes annealing 
during the whole process. It is of great inipiirfance thdt the 
wire siiould he tlmraughly and uniformly iLiniouled, an^l as fur iw 
possible eut of contact with the air. This is elYtK^lcd in ga^-tired 
ovens, the coils of wire huiiig placed in cyli^itlri. id t»oU with 
covers^uted on, gradually raised to a red I and then iillowed 
to oool slowly. In the case of steel wire, great care innst be 
taken to avoid overheating and hurtling the steel.» Tlie thiu fitm 
ol oxide with whicli the wire is covered during lyifiqiilingj'is 
removed by feiotion with sand in a I'evolviugfirum, or by pickling 
with very dilute sulphuric acid, and subfiequent washiDg. 

Formerly, it was considered necessary to anneal copper in 
similar stf^es to steel wire» but tlie modem practice is not to 
1I.I* if ^ 
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nniuuvl co^por until drawn down to the Hi^ein which it is requiroc 
for uHe. 

8p«ocl of Drawing—Tho velocity of drawing is a matter o; 
great iinportaiioe, and in limited mainly hy the Ijeat due tc 
frioiion in pansing through the die, but allowance must also be 
jfnade for the fact that a certain time is occupied by the molecules 
in changing their positionu. As a general rule for any given 
material, it may he said that the finer tlje wire the higher the 
'^flpeedof drawing. The following table reprosenta aversigo practice 
‘for thr$e common sixes of wire J— 


Hi*i' i»f Wir«', 
ilium. iJJ 

Spivil «if t 

ih ftu* Jiiiiiiilr. 

f 

lr<k;] nnii 1 :;iii| 

Mnws. Silvci', 

i 

300 

350 * 

. 1 

400 

X 

H 

m) 

mu 

700 

1 

1 a 

HOO 

' i/'o;! 

1,200 


. _ 

...... . _ 

__ 1 


Di*awiti^ Plates and Dies. —I'lie manufactnrG of acctiralo and 
durublo drawing plates in attended with considerable dilhouUy. 
Fo]' thick and tnodiiim si>;6s of wire, tfioy are usually maiie of 
uuhardened crucible ctist tool stoid, of high carhon content. It 
is unfortunatuly impossible to resort to hardening, for two 
reasons. As is well known, some change in shape and size 
almost invariably occurs in the hardening process, and iu the 
second place, whenever an appiociablo amount of ■wear has taken 
place, It is necessary to be able to restore the hole to its original 
diameter with as little trouble as possilile. Breaking down/' 
or ripping” dies are usually made in the form of a aiiwll slab, 
termed a wortleplate,” about 12 inches x 2 inches x inches 
iu size, large enough'to contain from 0 to 12 holes, Fig.^452. 
The dies'employed for finishing are generally either round or 
Kqudro ahou{ l}*inchea diameter by 1 inch thick, and have one 
liole only, 153 (ft). The countersink la formed by drilling, but 
the bearing liote h punched approximately to size, and a small drift 
of the correct diameter in then forced through. Tho alteration 
of form which occure in drawing should be accomplished entirely 
by the “ flow ” of the metal, and it ia of great importance that 
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any uuUing or scraping action ahoiild be avoided. The hole in 
the die must therefore t)e made without sharp corners or edges* 
and ahoiiK V- highly polished to reduce friction and wear to a 
miuimuc. Two forine of h(de* Fig, 453 (a) and (fi), are in such 
common use that they may almost be regarded as HiandiilriL 
tliftBame lime. H must be allowed Ihat tlie three sections (c),* 
(d). and (/')* shown in Fig. 463, allJiough frequently adopted, 
do not comply with the conditions just laid down, and from this 
p^int of view secliou {/) would be the correct form to employ. 
The diameter of the yrire diuwi* thioiigli the die Is cheeked 
from time to bimo by means of a wire gauge or luiemineier, and 
1ms to be kept certam spocilied HmiLa. Tho life of a die 



Fl<j, "Wtiille riale'* i‘r Oie INali: 
for Ihawlsg trio*. 


h'lo. 45:k—KorniH nf l>ir.s fiir 
Drawing' Whv*. 


varies with the si^e and speed, and tho kinil of luaterial. bnt it 
may lie said, for example, that after drawing alioutl^ mileeiif at^l 
wire of IC S. W. G., the hole will require “ battering,” the 
hole is Ijpmmered up slightly, and the drift again forced through. 
As the l^ole wears, this process is repeated until the die l^omos. 
useless. The wear which is constantly faking placo, although 
slight,, renders it extremely difficult to draw long lengths of wire 
of exactly the same diameter throughout in steel dies, and, for ^ 
tinishing, dies made from hard procions atones such as diawends 
OF>rubies, are frequently used. The life of a ‘'stdfaeliole^ die 
very much exceeds that of steel, and may reach as much as 
three’months with constant use. 

Die» with Heohanloel Adjuatment.— The method of wire*draw< 

p V 2 
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jDg etil) generAlly practised, has been carried on with little change 
for centuries, and demands a high degree of skill on the part of 
the \rorkmen. All the usual types of die requivo skilled men to 
set Uiem. and iti was until recently the eslabliFlied custom for each 
wirc^drawer to set his own dies. It is now Iwcoining recognised 
that the operation of wire-drawing can very well be perlorm6d 
by unskibed labour, and the pvactice is gaining ground of em¬ 
ploying skilled die-setlura and unskilled wire-drawers. A still 
further advance has been made by Nfessrs. TV. T. Glover and 
Co., Ltd., of TrfifForc! Park, ManchostBr, Ihe well known inauu- 
foclurers of electric cables, who have introduced a ineclianical 



adjustment for steel 
(lies, which bids fair 
to drsponRfl with the 
services of the skilled 
die-sotter. The die 
consists of a sniall 
steel cone. A, having 
the usual tapered bole 
bored through its 
centre as at (a). Fig. 
454. The apex of 
this cone fits into a 
seat formed in the steel 
dio-holder, 13, and the 
base of the cone lies 


t'lQ. 4fi4.— Dies for Wiw* ^ receSH in the 

screwed adjusting 
block, C, When the block has l«on screwed up, tlie die is 
reamered to the required size. After slight wear has taken 
place, the hole is closeil down to size by again Screwing, up the 
(dock, thus forcing,the apex of the conical die into the cone seat 
provided for it. The ^ die cun he closed down and reamered 
repeatedly, until it assumes the form ahown at (6), at which 
pUge it may be replaced at trilling cost. There can be little 
doubt <>hat this very ingenious iinpi'oveiDent is destined to efect 
a revolution in the oLI-faahioned practice of wire-drawing still 
in vogue in many qiiarteiw. 

Wire-drawing Maohinerj.—The apparatus employed in carry¬ 
ing out the operation of drawing is termed a draH'-bench,ot whi^ 
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there are two diatmot types, vik,, one Liseii for rods, tubes, etc., 
wbluh must remain straight, and the other for wli'e, which may 
be coiled opon a drum* as 
fast as it is prodi\co<l, A 
draw-bench of the first kind 
ia«Bhowii m Fig, 455. The 
end of the bar to ]!>g drawn 
is first pointed, and is pvished 
tiirough the hole in the die 
until it can be sei^edjby the 
tongs, which holds anto- 
maCically, and (s carried on 
a slide moved along the 
bench by siiLfcablo mechaiiiam. For driving by [Kiwer, Fig, 456, 
an endless flat-llhk chain runs round pulley.^, one at each end 




of the l>ench. A plvotted hook conncctod with the tube grip- 
jaw or “dog” may be dropped into the chain in any poHitioii, 



Fitt. 4o7.—Dauble Uniw-bctich tor ’I'ubu;, etc, 

ft&d is antomaticslly thrown out by a tooth of the chain wheel 
vrtien the end of the travel has been reached, tho weighted lever 
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aBsieting in the diseugagement The photograph. Fig. 457, 
ahons a draw>bencb of this pattei'D l»y MesarB. Samuel Plattf 
Ltdf, Wednesl^iiry, Bright-drawn steel bar, of round or hexa¬ 
gonal section, and accurate to size within 0 001 inch, is now 
pifiduced in large <)aantitie8 in this way for use in turret lathee 
and automatic screw machines. 

As an exaiupln of the second type, the Crossley standard 
wire-drawing blocks, mmle by ^lessrs. George Crossley, Ltd.« 
^ of Cleckheaton, and shown in Fig. 45H, may be taken. The 




r 



J'’m. -IM.—MmOiioc for Ornwin^ Wire, with (’liilch fm’ Hiiiin;' lUocks. 

» 

fiAchine is arranged to work on both sidcH. imd will draw from 
5 8,W-(J. i‘ripping"' blocks down to 11# 8.W.Q. A coil of the 
wire for drawing down is placed upon a drum or swiff,” which 
‘runs loose, on its Spindle, >w in Fig. 4()3. The end of tltb wire is 
pointed, and is Jed thit>iigh the draw-plate carried in the Stand, 
B, wliich h%s a slight adjustment round a pivot on the bench, 
• BO the hole in the die may be sot exactly in the line of draw¬ 
ing. Tha bad of tJ^e wire is seized by the tongs or pincers 
which is attached id a chain, and the latter, when required, may 
be ooiled u])on the drum,«D, by throwing into gear tlie clutch, F, 
by mgane of the foot lever, F. The shaft, G, which carries the 
puliing-in drum, P, is driven from the main shaft, H, by toothed 
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geaying. The travel of fclie tongs thus provided is eapahlo id 
” pullingin ” through the die a aiilliiiieiifclength of wire to *' start 
up the bloek " i.p„ to reflcU the vice of the ilrawing blocln V, in 
which it is secured. When flnllicient wire hait been pulled in, 
the eye*lever on fcho ftilcrum shaft knocks otUthepnlling-in^fear., 
which ia then kept dormant by the ^imteidwlaiieo waight shown. 
The block, V, runs loose on its simile, K, wliii:h ij#drivon by 
bevel geiiring’from the main shaft of the mndiino. linnioclintely 
♦below the block is the driving plate or '* koy-hlojk,” L, which *h 



^6Q.—Mnehiu'! for Prawinj: Two *<^i‘"vhi*( Sl<.‘ni«ni t»r «>|»craliii 4 f 

• 

fixed on n Bvpmre on the shaft. K, and is providwl with recessesfto 
receive the squared ends of pins (ixed in the drawiftg block. To 
put tl^ latter in or out of gear, it may be lowered nr taiaed by 
rock connected to the foot-lever, U. reprosents a bench 

of two medium drawing blocks, also of ItfosHi-s. Crossiey’s maim* 
facture, for drawing wire foDiu 14 to^ 19 • These fjlock^, 

being of lighter construction, do not require a foundatitrB*- The 
pull-in motion ia by band instead of po|lfer,^nnrf th^ bloekn are 
driven by friction clutchoa, oporiiled by foot pedal. Fig. 4flC 
shows another of Messrs. Crosaley’s mncbineH for drawing twe 
boles, or two reductions 'at one operation. The copstrliction ii 


i'mnsiViAmy., 

Bimilttr to the last example, except that the machiae ia unvuu vj 
fast and looee putleys instead of clatches. The drawing-ir 
moti<)n ifl power driven from the loose pulley by worm-whee 
motion, for which purpose the tpngs may bo hooked into one o: 
the^alote 'in the kcy-hlockp an flliown aeparately in Fig. 4f>L Foiu 
Oif more similar'xnachinoB combined on one ^'etaiid/’ are somr 
tiums driven from the Mhaft, the dritiving apparatus being 



for convoniohce arranged alternately right and left of th^ main 
f^rae, FI". 462. , 

What are hnoa'n as rx>DtinuoaK or multiple drawing nmchinea 
have roceiiUy been largely developed, in which the wire to be drawn 
is talfen from^fhe swift through the ^rst die, colled round the first 
olock, then tlxVough the second die to the second btoek, and bo on 
to tlie finishing block.. ^ This results in a considerable increase 
in production. Measi's. W. T. (Hover ik Co., Ltd., of Manchester^ 
have devoted considerable attention to this matter, and h'ave 
produced a senes of, niatihines built on sound mechaDicai 
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prii}ciples, and yet exceedingly eiinple in construction. It 
has been found that for drawing copper wire* three sizea of 
machine will sufhce, viz.*t (1) for drawing .^ inch diiinieter iiopper 
rods to No. 16 or any intermediiitB eizo*; (*2) for gauges 

between No. 12 and No. 20 H.\V.(r.; and (6) for sizes'less Jhen^ 
No. 20 S.W.G. Tn give an idea of tlie mpid rate of working, it 
might be mentioned that the ontpul; of the large inacliitie i>er 
day of 10 lio’urs is equal to 2 tons ot No. 14 S.W.G. for the 



KlO. ^02 .—“SUjkI*’ Armnjjfnifiiil of Wnrc-flmwiiiff Ufai^hlnn. 

Hinglertiiachine and 4 tons for the duplex. Each size of^inacbine 
is provided with nine dies, a nuuilrtr found necessary to effect 
th^ desired reduction in the case of.<opper. The principle 
on which the machine works will 1« seen by reference to^ 
Fig. 468. Messrs. Glovet's^dupiox horizontal draVing machine 
for the manufacture of steel W'ire in all sizes fron^No^ 8 lib "No. 10 
B.W,G.» is shown in Fig. 464. For atee? five dies auffice, each 
being of the adjustable type previously illustrated. Four narrow 
dnuns or *: blocks/’ as they are termed, and a fiaiahing bloek w 
therefore mounted on each side of a central fraine» oon^atzag 












Fig. 463.—Duplex Drawipjj MNchioe for Copper Wire. 
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Ori^naily, tubes were drawn upon a long mandrelf having a lepgtfa 
somewhat greater than that of the finished tube, hut this aystpem 



yfo. 4e6. ->M»tiur.'tciiii’« of 
IruD steam i’ipe. 


peatedty thi-ongh draw platen of 
the required external diameter is 
of course regaining the same ^ 


IB now only employed for the 
very thin and accurately fitted - 
brass tubes used for telescopes 
and optical instruments. A 
short and comparatively thick 
tube ia made by l)ending a 
pi(iC6 of ehcet brass, the edges 
of which havo l>eeu previously 
notched and Jilted together in 
a series of dovetails as in 
Pig. dG7 («). These are brassed 
together, and the joint care 
fully dressed bb the truly circu» 
lar form. This is known as a 
** cramped joint,” and in much 
used hy copporsmttlia. The 
piece to be drawn ia then fixed 
upon a polished steel mandrel, 
Die end bidng tiuned over the 
Blionldcr as in Pig. 467 (?/). 
The mandrel with the tube 
upon it is then drawn rc> 
smaller and sinaLler size, until 
obtained, the internal diameter 
IS that of the mandrel. The 


(a) 



m _ 

I 

' Fto. 4A7.—ManiifncluTe of Htiua And Copper Tubes. 

original piece from which the lube U drawn may be made from 
a casting, turned on the outside, and bored to fit the mandrel, 
and a solid-drawn tube would then result. 

SolUf-Drawn Tubes of copper, brass, or steel are now produced 
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♦ 

►y IB known as the short wnmtrvl system, in wliich the 
►riginal thick piece is “ cold tiniwu ” through a die as before, hut 
H P/' a mandrel* which is B&itionary, being su])ported on the eifdof a 
od of somewhat greater length than the finiultetf tul)e,,Fig. 456 . 



KjO, - MiiiMifni'dire f>f SoniUilrawn TuIhj. 


The cylindrical jJiece from whicli the tube is drawn, is turned and 
bored out of solid Imr of llic desired quality, and instead of using 
tongs as in done for wire, it is cotqiled to the slide of the draw- 
hencii by means of a bolt and cotter, as in Fig, 408. The 
mandrel or *' plug ”• is of Imrdeined steel of a hulh*heuded form* 
and is fixed so that its greatest diameter comes 
exactly in line with the smallest iliaincter of 
the conical hole ip the die. It is necessary to 
anneal the tuho frequently during the drawing 
process to restore tlio duutilky of the metal, 
for the same reason and In tlie sivinc way as in 
wire-drawing. 

Hydraulic Tubes.—Extra thick solid-drawn 
steel tubes may be obtaineii suitable for hydraulic 
pressures up bo 2 or 24 tons per square inch. 

The tbickiiOBS varies from J inch for tubes 
J inch ju diameter, up to i! inch for a diameter 
of 2 ingheb. 8uch tidies are also useful for tjie 
putuose of proclucine the holinw screya era- 
ployed in lathes tgid othor machine tools. Skvl Tube. 

Weldlass Btael Tubas are,produced hy draw- • . ^ 

ing down from a short and thick hollow cylinder punched oi 
machined out of a solid block. The production of Ihfl perforated 
billet is thus the first step in the manufacture of weldless stee 
tubes. A very interesting process-fii^t introduced by Ehrhardt 
in Germany* is shown in principle in Fig. 4GtJ. A square blocl 
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of mild steel, previously raised to a bright red heat, is placed in 
the ronod hole of a thick cylindrichl. die, and a pouch is driven 



into the block by hydraulic pressure, thus eipanding the iTietal 
in the die, and leaving a abort tliick tu]»e, closed at'its tower end. 
As the sectional area of the tube must be the same as that of the 
square block from which it was formed, it follinrs that 

«= ,and 7 = f ^ 

s 'i 4 V 4 j 

where tl and D diainelerri of punch and die rospecLively, and 
Vir ^71 AiiMon " ~ Rqiiiire block. Fmm this the 

Ilf Uniiiitig'cyiiiMior. diantctor of the p?iRcU must l>e 



FIQ. 47S.—Thir»i 
btagv (n Bolling 
Thi^ fuba. • 


ti = o n D. 

The lK>ttom of the die rcHls agaiust a strong 
plate, which may ,be withdrawn laterally after 
the block has been punche<l to the proper depth. 
The resulting Q*lindrical piece is then forced 
through a unraber of dies in succession, the 
external diameter being reduced, and the length 
increased at each draw, Fig. 470. The initial 
stage of the drawing is thus carried out in the 
healed state, and is continued so long as the 
somewhat rapid cooling of the piece will permit. 
Farther reduction may then Ikj ftccompiished 
when cold by means of the dmw-beuch, work¬ 
ing in the ordinary manner, as already described. 
For this puqiOBe, Ihe thick end of the tubo 
may be drawn down and flattened or ** tagged,’" 


to enable it to be gripped by the tongs, as shown in Fig. 479. 


Suppose that a cylinder'ot mild steel at a bright red heat is 
placed batween tolls, the axes of which are parallel, and which 
are made to revolve in the tame direc&n. The eylinder will be 
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ewmewhat compresHed,rtndbyfi‘iction with tho rolla, the mwlerial 
on toe top and bottom sidea of the flattoned piece will l»e extended 
in opposite directinnabytheaclioti dt rolliiif^, hm indioiitedliynrrowH 
in Fig. 471. Ihe_ reeult i« i\ tBiideiicy to dcVblop a crack or 
fissure -at the centre, 
wliieh, on the removal 
of the piece from the 
rolls, could be* cauaed by 
j;he application of prea- 
aure at the ends^ to 
aaaume the fonu of a 
cylindrical cavity, b^ig, 

17^ ehowa the initial 
of the cylinder, tho 
latteoeil shape pr(^duce<l 
:)y rolling, with tho Im- 
jiire at the c<!ntre, and 
ihe restoration to the origin*! circiiiar form, leiiviiig an approxi- 
osntely cylindriciil eiivity, the section rosenihling a very thick 
tube. This action must, however, lio regarded as contimHl to a 
very short length, ami tlio proeoss in not ctintimionN. Huppose 
now, Fig. 478, that tlie axes of the rolls, wliilst sUU conlaltiad in 

imri/oiilal i*1aiies, arc inclined 
at an angle /< with each other. 
On rotaiioii taking place in the 
direction of 11)0 anows, the 
force. r,due to friction between 
lji<i rolls and the piece may lie 
resolved iut<j its components, 

F sii) a, >tu(l F COB a, raspec- 
tively panillol and at right 
angles to Die axis of tko piece. 
'J’hen rolling in being 

efTwtetf Iiy the aetjon of the 
latter ooinponent * a continuous forward inovenmni; \n given to 
the work in the direction of its own axis by the coipi^'^nenl 

F ein a. .. 

SeamlesB Rolled Tubes are made by this \’ery ingenious end 
original procesa due to ManneHinanji, of Iteiiischoidt The prin¬ 
ciple of the Mauneetiiann procesa is Been in Fig. 474 A solid 



ll»T» 


QQ* 
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cylindrical block of mild steel is raised to a welding heat, and 
pa'SBeil through conical rollers, the axes of which are Bet*at 
Bliglii; angle. The rolls rotate at a high velocity in tha direoti 
of the aiTows, causing the block to revolve, and at the same ti: 
imparting to it a forward motion in a clirecUoa from right to 1 
in the figure, or towards the larger ends of the rolls. To prevc 



li'ltj. 47f».—3tftniJC'R»taTin Process nf Tnl« Making. 




the work being forced out laterally, at least three rolls are nec' 
sary. Fig. -175, two of which, A and are the working rolls, t 
third, 0, being simply a presBUrt- or guide iK>lh In the acti 
machine, the so-called flafely rail, 1), ift also added to support t 
tube when its diameter has been reduceil tn the same ditnens; 
as the least distance between the rolls. Suppose tbe cliame 

of the block to be equal to t 
distance between the rolls at 1 
narrowest part, the block wo- 
eimply pass through the rc 
unaltered. If tbe diam^eter : 
ceeds the distance namei^ : 
block 18 8eixe<l hy the rolls, and caused to turp wdth a screw-l: 
mo^on. Asvthe diameter of the rolls constantly increases from { 
point where the distance between them is least, the tendency 
to impart an increasigg velocity to the outer surface of the bio 
which in consequence is drawn out at a moi’e rapid rate than 
interior, and the plastic condition of the metal in the hot*ab 
permrts of this being carried out to such an extent that a tt 


Fm. rc.- 


.Manneflinarin Tube with 
closed Cl ds. 
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It ZH in fact possible iu this way to pruduee a tube with 
.09^ ends, Fig. 47G, provided that the ends of the solid block 
efore rolling are reduced to a diameter sojneyvbal less* than 
le least distance apart of the rolls, the tliaroel^r of tjie intor- 
ening portion being as « 

Aich greater as is reipiired 

3 give a tube of the desired ^ - 

ize. The space in tlie in- 1 * 1 : ' ^ 

0 rior of the completed tul>e , 

i,, 1 1 4 . i KIG. U<. (’sf of (Viiiica! AlanHrrl, 

Mtn closed ends is tv)t, as 

night bo expected, a vacuum, but, miriously enough, has been 
ound on oxiimhiation to ciyitiiin Iiigldy rurclicd hydrogen. The 
irocess as doficriliod is dc-foctive in certain directions, inasmuch 
,9 it is exlreincly dillicuft touhtain tul>es osuctiy of the thickness 

reipiired, ur«l with a smooth in¬ 
terior. It has tlierofore l»en found 
aoenssary to roll out the tnhe over 
a conical mandrel, Fig. 177, which 
vobvteswith the tube as it is formed. 
The mandrel, a, is Iked upon the 
end of a rod, which is prevented 
from (hilloctnig liitDrally by the 
guide block, /», sliding in the hollow 
'• liar, c. Iji this way tubes of from 

Fio. 47 s. I’lwluciioii of Tu4irti m {q p, iiudicH internal diameter 
of f.aa'o Piameici. e t. 1 t 1 

are iminumctured, and larger sizes 

up to 1*2 inches may l>e obtained by employing an arrangement 
if expanding rolls introdnc'e<l by Slicdcl and ebowii diagrammatic- 
ally in Fig. 478. The two conical roils, a anti fr, rolHte very 
rapidly in the diroctioa of the arrosy s, wbilst the thick tube, c, to 
l>e expanded, and the mandrel, //, * 

revolvij together at the same »iuuul, 
the mandrel being supported on the 
end of a long Imj. as before. The 

tobe is finally made smutch and • • « 

brought to exact dimensions by drawing through a die i» which 
a abort mandrel is inserted, exactly as dejtirib^ tor folid-drawn 
tubes, the solid end of the original block being left 6n for the 
purpose, Fig. 479, The Mannesmann processjof tube-making is 
a somewhat severe test of the quality of the material eufployed, 


Fid. 47s. I’lTKluclion of Tu4irti 
of f.aa'o liiameici. 
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Fitf, 4 S 0 .—Si^iiirting " I’lastic 
Mnicrial. 



P ‘10 481,—Hjdr&ulic TreaB Cur 
Squirting*’ Xi«ad Pipe. 


which in itself may be taken ,40 a 
guarantee that such tubes must neces* 
sarily be of the very highest class 
Any Haw in the original block is 
certain to result in the production ol 
a fracture which caiinot escape notife, 
(ttiil wil)» in fact, uiuse th''. working of 
the rolls to be temporarily suspended. 

Tubes of Plastic Matepial.—A prev 
cess, clr)seiy a]Ue<l to that of wire' 
tiriiwing, is fn:c]iieiiLly ouiployod for 
the prodiiatiaii of rods aud tube^oi 
plastic or aetni-solid matoiial by fore- 
iiig it thri>ugh a die under proHsure. 
1! a cylinder having a hole at one 
end, Fig. 180, bo filled with soft plastic 
luatorial, upon which pressure is 
exerted by means of a tightly-fitting 
plunger, ** solid flow ** may be induced, 
the substance issuing from the open¬ 
ing in the form of rod or wire. This 
principle, which been utiliKcd in 
the manufacture of inaccaroni, and in 
the plastic process of brick-making, 
receives its most interesting applica¬ 
tion in the conversion of metals, such 
as lead and tin, into the form of pipes 
iind rods of various sections. 

“ Squirting " Lead Rod and Pipe.— 
A special form of hydraulic press, 
shown in Fig, 481, 18 employed for 
this purpose. The water rau^, A, of 
the press carries a strung steel cyliiider 
or container, B, into which molten 
lead may be poured from an adjacent 
lead pot. The container is provided 
with an external lieating arrangement, 
BO that the lead may be kept warm, 
and in a state just upon the point of 
solidilibaiion. The top of the container 
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IB flWed with a plunger or load mm, 0, which eiiii Im easily removed, 
and at the lower end ot the plunger is inserted n steel die, D, 
having a rounded opening, the siinillost diaiuetenof which corre¬ 
sponds to the outside diameter of tho pipn or rod reipiired. If 
pipe is to l>e iiroduced, a niandrei, I’l, having tlie saine dianfeter* 
as the intended bore, is fixed in tho end of the water rujjn.or may 
be carrietl by. the contiiinei', in such a manner as to project 
through the die, leaving an annular space e(]nid to tho section of 



no ArrnnKr^mrnt .jf Vim ami (’.snlaifli t fer Siiulrtlii;? ” Leftil IMpc/ 

* 

the pii». On admitting w'afcer presatirc to the ram, thft lead iu 
" squirted” or extruded through tlie openmgln the die, and the 
resofting rod or pipe, aa the case may ))e,*r8 coiletl upmuidrum as 
it leaves the mabtiine. The core may be carried ^on a narrow 
bridge piece spanning across trom side to side of the hole^ ip tliJ 
die. This, of course, has the effect of separating the <)utflowing 
sCream of lead iiito two \)&rts of approxinmtely semicircular 
sectipn, and although these rc-oonibine under ^the pressure put 
upon them in passing out of the die,'it has sometimes been.fpund. 
probably on account of t^e imperfect form of the nozzle, that the 
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juQOtion is not al\Ta 3 rti perfect, and Uiat the [)tpea so made may 
be liable to split. The fifst system shown in Tig. 481, and at (&), 
Fig. 4812, is that known as the “ long core arrangement. Here 
the core which forms the hole in the pipe has to be hied in position 





Kio. 483.—Pi'e«t3 for making l«ui jiijic. 

right through the centre of the mass of molten lead in the 
container. The core is thus subjected to constant heating and 
cooling, which not only roughens its surface, but also warps and 
bends it out of sliape, rendering it diflicult to form a true pipe. 
Messrs. W. T. Glover & Co., Ltd., of Trafford Park, Man- 
chesty, have, by careful design and proper proportion of the 
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par^, succeed iu producing a iorui of die bos which is fr^ 
?rom thcflG defects. The core is lield iu the bottom of the con¬ 
tainer by means of a bridge or feet, and fits into Hie recess tjarry- 

ing the (Ue« On the ap^licatum of [u'essure, the lead'is forced 

• « 



Fio. iW.—f** *n*t:ing l-Jnch Soil Pipir.* • 

over the bridge ot the core, but reumtce i^raediatgly in a coniwl 
apace provided for the purpose, the junction l*.iig effected by the 
preaeute to which the tiiela! ie eal.jwtod in “"t tlirougii 

L aperture formed by the core and the di8. Ihie 

Fig. 482. It a simple uiaUer for air,Bpac«s 




BOO 


MECHANICAL TECHNOLOGY. 


to be formed in the core, edcctually prevenU the ^ead 

reuniting, hut this is obviated entirely in Messrs. Glover's 
arran^^'eiiient, and as the surface of the tnetal does not come in con* 
tact with ,th6 atmosphere, and cannot therefore become oiidiaed, 
a perfect combination is rendered possible. Fig. 468 shows the 




S«cer9nA.A. 

Kio. 4SiV^Dieft Cor r.ead'Ooveiing Klcclnc Cablor. 

G.’over press as uswl for making -inch lead pipe. The 
hydraulic cylinder, Iwing beneath the floor, is not seen in the 
illustration, xtie top o^ the ram, with the table fixed to it, just' 
appears above the floor leveb To the table the container is bolted, 
a hollow block being placed between them. The die and core for 
forming the pipe are placed in a vertical^ position in upp^ 
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paiatof the hollow block, and muiictiiatoly beneath the contakiei* 
AVhen pressure is applied, the lead pipe is extruded through the 
slot in the hollow block Tn front of tfie proas. This ia a* much 



more coflvenient arrangement Ilian to cause tlje’pjptT to pass 
upwards through the top of the press, ifoni« hich it has to be 
brought down to the floor. Fig. iH shows a Glover press for 
making *4-inch soil pij)©. In this case, th6 hollow block, as 
described in the previops figura, is replaced by a core hoi with 


Fia. iSS.—PrcM for LeA^-coTerinf Electric Cubic 4-inch diasetcr: 
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theVlie and core iixed in a horizontal poeitiou, as it is advisable 
to avoid bending the larger sizes of pi{>d any more than is neeea- 
sary. ** The illustration shows that large sizes of pipe may readily 
be cut to length requinfd as they are extrndedv and stacked upon 
(the iloor. 

Lead-covered Cables.—’^hen covering electric cables with 
lead, much greater care is required than in the manufacture of 
pipe, as not only must the covering ]>6 perfectly concentric, buj 
it is easontial to avoid damage to the cable itself, either by her/ 
from the molten lead, or by moisture from thd hydraulic cylind 
As the cable has to pass through the ccu'e, tho latter mu 
made hollow, u pnUuiiud arrangomeut due to Mesers. 0 \ 
lieing shown in Fig. -JH5, The die box, <i, is fixed in the I f ' 
between the table and the container, as seen in Fig; -186, 
supply of lead frotu the container entering by thO'conical-shapecI 
opening shown in dotted lines. The core, ef, to suit the size of 
cable to l>e covered, is secured in ])osition by the hollow screw,,/. 
Tbo shell r, and die, are iiiKcrlcd frron the opposite end of the 
box, and their positions rolati^'e to the core,'d, may i>6 adjusted 
by the screws,,/*and //, to give the injjuiied thicknosfi of covoi ing. 
The projecting end, of tho shell, r, enahles the supply of lead 
on the upper side of the c^dde to bo ctjiialiscd, and a covering 
of even thickness is obtained without the use of a bridge. A 
complete press for covering a 4-iifl;h diameter cable is seen in 
Fig. 486. 

Extruded Rods of Metal, etc.—Not only lend, but other inetiils 
such as copper, phosphor bronze, muntz metal, etc., may be 
extruded, and Jor <trc luwjfs are produced by a similar 

process. •Graphite, coka^ gas carbon, and other Bu))Hbanc8S are 
grbund to a fine powder in a bjiU mill, and mixed with hot tar 
to form a stih, pasty mass, which is then forced through a- die of 
the proper form by jiieans of a hydraulic press. Tlie resulting 
rods are then raised to Uihigh temperature in crucibles. ^ 



CITAPTEl^ \h. 



KAKIPULATIOM OF METALS Bf FLANGING, DlbHING, 
DRAWING, ETC. 

« 

acTHis use of the prenii is uot cotifiueil to forging and Htniupin^i^, but* 
st bden extended'in many directions, espi^eiiilly iii the working 
ilov.plates and sheet uiotiiU Thefie proceswes iimy be said to be 
prefived from tlic operation of uiht iyinhhtf plates for 

‘ Uers siiuilar purposHS. Formerly plates were iliinged by 
.^and, being bodt when in a red-hot condition over a cast iron 
“ form ” of the proper shape by blowy from wooden ininiinera, 

' Fig. 487. 'Hie oporati(»n was perfornied by a number of men 
working simnltanuously, from two to six lieing employed 



accoriMng to the siiiB of the plate. Along the portion a, h, 
whereti^nging is just commenoitig, it will l^&seen that Aie metal 
is subjected to a “ drawing out ” actios? Hut after delivering 
blows at (say) c and r, it is important tliat the formalioa of a 
oreaso should Iw prevented by blows upon thfi intarmiog 
portion at d. This results in "jumping up " the m^itetial at d, 
flie force of the blow being resolved inttf -cojnponenta along the 
dir^tions towards e and e. The drawing down during the first 
part of the operation, followed by jumping up*lhe same material 
all round the flange to prevent ei-eosing, necesBarily rendeds such 
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work liable to imperfectioDH, whilst at tlie same time it is jIov. 
and therefore very costly. With the Flan^ia^ Prestt. 



i 

Fio. 4Pe.—Hyilrftulic IHnnKing PrcB. 


Fig. 488, on the other hand> the operation is rapidly performed 
at one beat, and r,ny desired shape of plate may be- produced. 
The upper die, or inside form, A, corresponding to the reqnmed 
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« 

ahapg of the plate, is carried \ipon Btoola bolted to the undernide 
of the croHa girder, B, the ponition of which may bo adjusted to 
Bait the work in hand hymeana ot* nata on the screwed enda of 
the in^in pilhire. Xhe lower or dunging die, C, the edge of which 
is carved-outwards lo a large radius, i» supported on sldola fijceci 
u{X>u the table, D, attached th(i main tam, K. ' In addition lour 
" vice" rams, h\ are provided, worked from the Hume supply as 



t 


FlO. 4S9,—H'Uriffing a Hnd Irt- irytlmulk! Trc-SBU^e. 

• • 

the Rieja cylinder. The heated plate is lirs^ placed in ^ositios 
on t^e lower die, C, when it in vaiseil J4y the vice rams, and 
clamped hrmlyag^nst the u])|itii' die. A. 1'he main nm is then 
advanced, bringing the lowr^i* die into the poaitien ehowi in 
dotted lines, to complete the flanging. The Bame.principJe is 
made use of in a press on Tweddcll's aysteti.for flagging a dished 
and, Fig. 48f>. The plats to be flanged is made red-Hot, and is 
placfed upon a ring, A, secured to the table of tVe machine. The 
vide ram is then raised, carrying with it the lower die, and 
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when this has heen brought into contact with the plate> the main 
rSLm,C> desoenrlfl, dishing the plate, and overcoming the preacure 
on the vice ram, completes the Hanging by forcing the plate 
inaide the ring. A* 

Press Stamping and Drawing.—^The flanging, etc., of the 
comparatively thick plates used for steam boilers and similar 
j purposes is carried out in a healed 

' condition, but the working of thin 

_ I _ ’ 

sheet metal must neceasarily be done 
cold. Two digtinct types of press 
are employed: (1) Single acting, 
having only one slide, which is driven 
by crank and connecting i*od motion 
from the main shaft of the machine; 
and (2) douWe-actin,'^, having an 
inner and outer slide, the former 
driven by crank mecljanism as before,, 
and the latter either by cams, or 
preferably by toggle gear, as will he 
doHcribe<l later. In the single*acting. 
press, the slide carries the punch, 
and the die h fixed to the frame 
of the machine, '['he operation is 
esseuV^hy lhat of punching thin 
sheet, on the priuclple that any 
desired form may be given to the 
punch and die. Annaturc discs and 
segments for electric motors and 
dynamos, magnet polo and pole shoe 
stampings, parts of switch gear, and 
other electrical fittings of a similar 
charactei*, are welhknown examples 
of work of tbla description. By modi¬ 
fication of the dies, the range of work may be made to include 
perforating, bending, and forming, if the object is of no great 
depth. Steel pens, buttons, parts of clocks and watches, light 
jewellery, uto., are produced in this way. 

fiuppoao it is required to produce in thin sheet metal the 
article represented in Fig. 400 (a), the press tool is employed 
in itsH simplest form, which consists of a punch and a die'or 
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Kn;. I'M.—Sinm[iiii|; a lA'P]! VcmcK 


matrix. The diBhing ot the plate . 
or J5lank pkeed betwtiHti the puucli 
and the die Fig. 490, (/0..cfin an\y bo 
effected hy an incrciiKo in length m 
the direptiou of the dinraeter, or 1)^' 
reduction in the thickness of the 
plate, or what is perlinps moat likely 
to occur, by B^combinntion of Ihcnij 
two displacements. A lenailo stress 
IB therefore sot up in the direction 
of the diameter, coifi)lfid with com' 
pression in IJie rlircction of the 
titicknoss of the plate. Tiie result 
is a tendency to cause puckering or 
creasing of thejplate, especially near 
the edge or 6aiige. This is most 
marked in attedipting to produce a 
vessel of any depth, as in Fig. 401, 
which also se.rve^ to illustratu 
anoUier diiliculty, viz., that of with¬ 
drawing the article from tlte die 
after it ban been formed. Tlie 
trouble is avoided l).v tbo use of the 
** pressure pLue ” or blank holder, 

Fig. 492, wi)ich is the esHential 
feature in the process of producing 
a seamless metal cup from a llat 
blank. For artide.s with parallel 
aides, the dies are of ihe “puhli- 
through” pattern, as hHowii, which 
enables the iiipsbed piece to bd dis¬ 
charged (juite through the lower die. 

The Iflank is slightly thicker than 
the* depth of the recess in the lower 
die in which it il placed, and it is 
therefore held under presaurb by the 
blank holder which deHctmdK u]ion 
it during the down Htrokes itl ihr 
machine. The punch is now hroiight lo hear uimui the blank, 
“■drawing'* it from betwcou the blank hulifer and tl^*^ upper 



Kr««. 

AiiiiiBlftTik. 














“DRAWING*’* SHEET AIETAL. m 

them out es rapidly ae they are formed. It should be uudfer* 
etood that the sheet metal ie licld ’(S'ith auftioieut preBeuic'e 
between the blank holder and the Inittom die to jwnuit the 
drawing ncttoti to take place, whidi, it will Iw soen,, depends 
largely upon the duotility of tin; metal, aiid capacity 'for 
**flowing” in a cold state. The process is not restriciwl to 
objects of ciicplar shape, hut is ejpIliHy ixjipUcable ttf^thosc of 
rectangular form. In this case, the blank nmst first 1m*. cut to 
the proper sliape, fur which [iui*[toso the oiU-^iide of the blank* 
holder is provided wifcii a cutting ciigo, and made to do duty as a 
punch. Hence, a'liknk is cut out. and drawn to shape at earl) 
Blto^G of the press. An inierestiiig example isgiven in I'ig. JOfl, 
which bViowb a 84!t of tooln for making a rcctiingnlai' copper box, 
(i»), 4^ m4;Jies long, ilj inches wide, and If, inches diwp, the 
efcock used hftLnffalxiul,.', inch thick. To produce tins Imx by 
drawing, requires that the blank shall fir.st hi* cut to the shape 
lahown at (M. The correct si/.o and ulinpe of blank is, in such a 
case, hestdetcmiined hyexponniont,coinn)oncing with as close an 
approximation ashalilnlabiou and j ndgmeni may decide, und \vork> 
ing in the Hi st place W'ith the dniwiiig dies only. Kig. JOH (r-) 
is a plan of the undersMle of the Idank liohler or cutting punch, 
A, which is ])r(A’iiUid with a circulai' Jlatigi! for attachment to the 
ram of the press., 'i'ho outside or cutting edge is of the same 
shape as the (//), and the. ftio(.iiiignliir hole tlirongh the centre 
corresponds to the exterior of the Hnished box. The drawing 
punch, B, seen in tho views (d), (r), has a cylindrical shank to fit 
the drawing plunger of tho ))re8s, the roctangular jiortion at the 
bottom boLiig of the sauie sms as the intca-ior of the finished bpx. 
The bottom die shown in plan at O’), consists of a ho]dft*,C,ftnd 
two dies, the cutting die, D, of the same shape an tite blank, and the 
drawing die, E, ^be hole in which h tho sizii of the oniaide of the 
finiehed box. The machine is adjusted until the face of the cutting 
pun»h just binds the blank on the face of* the drawing die, as at 
(d). The dra\ving*punch then desoonda, m at [e), and* the com¬ 
pleted box is pushed through the die without the aid^f any device 
for extracting. The speed of tho press is about 4& ravelalioae 
per minute, producing 1,200 boxes per )foar. In many cases, 
especially with artieJes of considerable, depth, the required • form 
is not Imparted at one blow, but the- drawing takes place a littU 
at a time in a succession of dioa of gradually diminishing 
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diameter. Bhoald the metal show signs ol becoming crystalline, 
it must be annealed, and during the drawing process tw6 or 
three annealings may be necessary. This process is known as re- 





drafrirfl?, and the dies used for the purpose are generally arranged 
as in Eig. 494, v^ith on inside blank holder, or pressure ring. 
The blank, (a), is drat dr.awn to the shape, (&), in dies having an 
outside blank holder, os already shown in Fig. 498, Proceeding 
to t&e re-drawing dies, as at (c), Fig. 494, the work is held 













Vhbbt metal. 



611 


Fl&. 495.-tto«ea in Drawlaif Steel CiuiUto. 
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between the bevelled edges of the lower die and the inside blank 
bolder, and by the action of tlie punch is drawn into the fbrm 
of increased depth shown at (d). Another and similar set of dies 
may then be employed to reduce the diameter and still fnrther 
increase the length, the 0 ]}eration being repeated in stages until 
the required result is obtained. Sheet metal, whether steel, 
brass, copper or aluminiailj, is now supplied in qualities which 
will draw to great depths, and Fig. 494 (e), exhibits the suceessivo 
dtages in the sequence of operations for producing the deep 
vessel, A, from the circular blank, B. Tbs first operation 1, is 
that of blanking and drawing ; 2, 0, 4 and 5 are re>drawing 
or reducing, and (i is that of sizing or finishing, the latter being 
finally resorted to when great accuracy in diameter is required. 
The “sizing" punch and die are usually of the “solid- 
bottomed" variety, and the operation more nearly resembles 
stamping, being as a matter of fact, frequently performed in a 
drop press. The different stages in drawing a canister 2 inches 
inside diameter and 4 inches high, from very soft, cold rolled 
sheet steel 3^3 inch thick, are illustrated in Fig. 495, The 
first operatio5i (1), of blanking and drawing is performed on a 
double-acting press by means of the dies shown at (u). The 
second operation ( 2 ), for which the dies are shown at(/#), reduces 
the diameter and increases the length. The air vent to provide 
for the escape of air through the drawing punch will be noticed. 
This is an important point, and when neglected is often the 
cause of serious trouble. The third operation (3), is again double¬ 
acting, the dies (c) being constructed with an inside blank holder, 
as previously explained. The fourth and fifth re-drawing 
operations (4) and (5), are carried out by means of single action 
“ push-through *’ dies (d) and (r), as is also the final or “ sizing" 
operation (0), for which the dies are ahown at (Y). During the 
progress of the work the shell is annealed four times, and whec 
drawing, a thin mixture of lard oil and white lead is employed 
as a lubricant. 

The desigi^ and construction of the machine itself has beer 
much improved of late, bo tliat it is now possible to draw af 
one operaiioii’articlesswhLch under the older methods requires 
from ‘6 to 211 ste^s. This is largely due to the application 0 
the toggle mechanism for operating the blank holder. Fig. 491 
illnsMtfiS an examnle of a toggle drawing prees made by Messrs 



TOdGL'E flRAAViNG TUKSS. «!» 

Taylcr and Challen, JM.^ of BirniinKl»aiii, a firm wliich ooeH|fiM 
h uftiqiie pofiiiioii in regard to this ftlaaa of work- A crankehaft 
driven by powerEal geanng, rails in bearings ^at tb« Wp of 



'fio. 4'>6.—loRgli; Driiwini- 
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mi rigidity. naaebBary lengtli of atioke to the plunger 
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in'planed aiidea formed in the vertical eidee at the main enting 
C. To the Irame» the blank holder, D, ie attached by menife of. 
adjusting ecrewa and nuts. The frame', or outer elide, ie counter* 
balanced by weights, which rise and fall oir a ^uide at the top 
of 'the maohincr as seen in Fige. 490 and .499* Pressure is 
exerted on the blank by ihe toggle mecbuniem* which is in . 
duplicate? in order to keep'the point of application of the stress 
close to the side of tlie frame. The arrangement is ehown in 


\ « 

j 



Klf*. '197.-- DctaH of Toggle Dcawtiig l*icpR. 


detail in Fig. 498. The toggles are worked by cams, 0^ which 
are solid with the main shaft, one on each side of the cetJtral 
crank. The shape of the cam is designed to give a ** dwell ” 
during rathk* more than a quarter of the revolution, which 
renderjrit j)OBsible to get a uniform pressure on the blank during 
that time, an^ cenatiluteB the important feature of this type 
of press. The toggle levers, H, work on fulcrum pins, P. attached 
to the frame, and‘each carries at its inner end a smooth friction 
roller?X which bears against the cam. The ends of tlie long 











TOGGLE PHAWING* PRESS. m 

arnis, A, aw couDected by links, AB, to the outer slide, and the 
togf^te ineehaniiim thus eonawts of fclie members^EA. AB, “IV 
a movemeiU EE' imparted by the cam to tlie inner end of the 
toggjp lever, the end of the long arm travels ov'iv AA', and tlie 



m 

Fj«, 4!W,—Toggle Mcehaiirtw Tri^^^Dniwing J'lft* 

inter glide'is depressed from B to B', It wifi eeen that o,t 
;be blank holder neore its Id^ffOBt position, a very large mo^emdht 
)f E and A produces^ only a very niinujp moveipenfc of R‘ The 
iressure on the cam rollers ie therefore enbrmously multiplied 
it’B, but the heavy preseure whidi is necessary to hold‘the 
)lank is tranemitted tWugb tha'etraigbton^ toggles ^irect to 
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the ^rame of tho machiDO, a'nd doeti not come upon the revol^g 
parts, thns relieving the bearings of the friction and consequent 
wear d^o to holding tho blank. To place the machine entirely 


.•*, f 



Fzo. 499.—'Operator hvnn IS inches (linmeter, 4| inches deepi ai^ 

■* sJ, inch thick. ^ 

• o'" I. 

under coi^rol of the operator, It is driven through a special form of 
friction clufch and stop^motion on the back shaft, causing the. 
press to make one levolution and then stop at the top of the 
stroke to ensure sa^pty. The clutch starting lever is placed iA a 
horizontal position on the right-hand side of the machine, and 
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th^fH^SSnre on the friction clutch iferjiiired to drive the prwB is 
airtomaticelfy derived from the machine itself during tlie dottn- 
ward etroke of the slid^. In case of emergency, or wiien tool 
settiugf the operator may InetautHneouHly bU^ nil downward 
movemftiUft of the prsaa by the vertical hand lover on the 
The illustration, 4lhh shows the prees opevutor engaged’in 
etamping articles 18 inchoa diameter and 4.J iiiches»deflp from 
mild steel bfankfi 2(3 inches diameter and inch tl'iick. I’lie 
work is ejected automatically from the dies during the ujiSLroke 
after stamping, by jneaiis of an adjusUbie oxtmctor, K, coupled 
' to the blanlT h<dder slide by 
tjjfro vertical tension rod^, h\ 
iti such a mamior iia to be 
• capable of etisy removal wheu 
pash-through #rtiea aro in mso, 
as will ‘bo seen, from Kig. 4117, 

In some instances, the ej(iclor 
is actuated by a cam on the 
end of the crankshaft, or the 
stamping may be extractor! 

' from the die by a “ stripper,'* 
which is raise^ during the 
upstroke by spyiigs coptained 
in {X)ckeie cast in the Hower 
die block. An ejector or 
“knock-out,” must also be 
employed with“Bolid-both^m” 
dies for producing articlos 
having generaJly the form of a"lio!nisphere or howl, nti exaftiple 
of which is given in Fig. 5(X). The range of work for which 
the jjrawing •press is adapted is extremely wi(te, enibracing 
dom^tic ironmongery, tin, brass und copper goods an^ cookyig 
utpnsilfl of ail kinds, bowls, pans, kettlyjs, trays, biackete, bdxes; 
scoops, shovels,. lamps, retiectors, burner, cartridge cases^ 
ferrules, watch cases, etc. * A few examples from inforpiatipn 
supplied by Messrs. Taylor and Chalien, are shown 601, 

•Ope of the most interesting and remarjiable exkmifles of draw¬ 
ing which could be referred to occurs in the rnkmifacture of 
lafge cartridge cases, an account of which wjll be found in the 
Proceedings of the In«L Mechanical EngineerSf Vol. 4, 1905. The 



I'lO, StX>. lloUDnf nici+ («iT 

Jlowl. 
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oiurtridge case referred to 10/ & British 6-inch <iiiick-6rinfZ gnn, is 
l&'incheB long, tapering from 7 inches diATneter at the oroeca^d 



Fio. 501.—FxAini<1ci of Work done in DrAtvin? Vres: 











COINING •and KMBOSfilKG. filO 


IS^tons, whilst for dmwins it is yrmluAlly rtidneed from 410 
tons for the first, down to 40 tona^for tho and last (lrftw\ ' 
Goininj and fimhofisfng. Anuihcr ojteratioii performed in a 
pres# is that of mintiag or coining for Btaniping pieces^of monoy, 
medals, blc. This, however, ditlers eKHontially from the process 
of drawing jost described. In coinh^g, the two dies, re]>reaeiitihg. 
the obverse and reverse of the piec9. are in relief, and,as n rule, 
.have totally different inmges. The disc of nielnl to he operated 
•upon is placed io a strong l ing, into which «lso each of tho dies 
enters for a a^hort distance before pi'css^iiro is applied, Fig. tOl 
^ The metal, being thus prevented froiu flowing outwards in a 
radial direction, retnins^its truly circular 
form and is constrained to fill up the stnaUcst 
* depressions in the dies, and a sharp iinpreu- 
siuii results. ^It is a practical everyday 
requirement that it shoidcl he ]>ossible to 
place a naoiher ol tiie same coins one ]ip{>n 
the other bo us to form a roll, which cannot 
he done nnlcsk the image is everywhere 
, lower tlmn the ritn round the edge of tlui coin. 

This ruBtrietioii does not ap])ly to a medial, 
the image on kvhicU la usually of nineh 
greater depth, •and luay therefore require 
greater pressure for ibs*pr^hicLion, or the 
same rosnU may ))e reached in two or imn e 
stages, with inturnietliate annealing. ,vk2.^I'riaciple 

The coin of tho realm is ‘^struck" at of Uoiuing. 


(a) 



^ 7 ^ 


one ])r«SKiitg> the total fow^ jjjplied l>eiiig 
about (»0 tone for a sovereign, 100 tons for half-a-firown, and 
40 tone for a halfpenny. To obtain Ihia liighly-tioncenlrEfted 
preeaure, acting liowever, through a very short stroke, a press 
of a* special type is employed, the nieijuinism of* which, is 
shown diagramniatictilly in Fig. Here a and fc, art 

the upper and 4ower dies reapKctively, with the ling piece 
carrying the coin (i, between them. The twt) parts *ih6 
mechanism e and /, form a toggle driven by the lever and con- 
meting rod /h from the conlinuousiy rrfolving drajAsbaft of the 
machine. ItwUI be noticed that foi;anompicte stroEe ofthe end; 
pf the lever y, a very small movement R, iaemparted to the die. 
The mechanical advantage of the combination is therdtore very 
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gr^t, enabling a considera'ble proseure to be exerted through a 
email space. Further, it le a well-known property of the te^le • 
mechaniem that the mechanical advantage increaeeB, at first 
slowly, but vefy rapidly indeed aa the'two'parts come nearly 
^inti^line/ This is ahown in the outline diagram II, where the 
stroke of the driving lever has been divided into four equhl 
parts. lt<is then seen that ^ movement is imparted to the die 
during ttie first quarter of the stroke or from 0 to whereas 



for the same distance traversed by the einl of the levor fj during the 
last quarter, from } to l,the movement of tlie dies is reduced 
to.the exceedingly gpiall amount a%. The reBuUing inereuse in 
meclianieal advantage .^as been plotted as a curve in ^he 
■vliagram HI. The part i, carrying the upper die, is capable of a 
slight .amounb of vertical movement, and is pressed upwards by 
powerful isprlngs with sufficient force to keep the two members 
of the toggle Always ifr contact. The press is fitted with an' 
- automatic fe^ for the supply of the discs or blanks, which are 
produced in a sejk^rate machine, and also with a self-acting 
stripping or releaBing device for the delivery of the finished pieces. 
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^ hardening’, 127 , 

Dio oA><imgr examples of, 4fi %; 
mael^ie, 409 • ‘ 

I Die sinking, 549 ^ 

Irie sUinptng or droj, forging,* 
I 647 i examples 6f, 549 • ‘ « 
i Dies for stamping, gireuisr dingea, 
651 ; ^draw' m 4 Sz^- 

neert spsmier, J49; eyebolt, 
663; smsJncvers, 561 . 
i Diel, stripping, 553* 
i Dies, wirti-dtiwiRg, 579; jneoibaat. 

I oally adjusted, 579 * 

8 «‘ * 
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pis^i^g meUl plates^ liyilrkulio 
.press for, 603 

Dolomite or magQesUu iixnostono, 

190 •. 

Doable beUing, 229 
Doublo-we^bed oranki forging n, 
. 6il, 646 
Dongles fir, 180 

' Downcomor^ for blast furnace, 10 
Drawback, in moulding, 264 
DrawboQob, for rod ov lubes, 681 ; 
for wire, 682 

Drawing down, in forging, 474 
Drawing machine for wiiii, 
ley's, 582 * (Hover's, 684 i mnl' 
tiplo or continaous, 684 
Drawing shoot iiietaJ, Taylor and 
(Thaliou's toggle prpMH for, 612; 

. dies for canisters, etc., 612 
Praw plates and dies for wire, 578 
Drifting teste for wrought iron, 66 
Drifte, smith's, 478 
Drop forging or stamping, procass 
of, 647 i examples of, 640 
Drop haTtinier, friction, 438; 

. board stamp, 441; lifter for, 438 
Dry sand col’s, 266; muuldiug, 
247 

Drying cures, 256 
DuetiUty, deiinition of, 12 ; order 
of (wire'drawiiig), 12 
Duramen, or lieaiiiwood, 163 


EbOkitk, 236 

Elasticity, 6; limit of, 6; iiiodulns 
of, 6 

EleotriooL ooiiduotivity of metals, 6 

Eleotrio diarging maoliiiie for 
open-hearth furiiaoe, Wellman's, 

Electric furnace, for munnfactui’c 
Of carborundum, 196; smelting 
- fumaofts, ty^es of, 97 

Eleoiro-thermio manufuctiiro nf 
rteel, 0^ 

Eledtro-aincing, 140 . ^ 

, ^laments, ocourrenoe of, in nature, 

Elm,i:?9, leo v 

Elongation, as measure of duc- 
.tyay, 14.^ 

' Emory, 195 ; wIlmIs, nanuTacture 
of. 192 ‘ * 

’ Engine, blowing, for blast fnmiice, 
^ >:24; Bessemer Iftowing, 70; 
reyersihg rolling miA, 60 


I Khgijicor's broiiso, 1 A 4 
I Kutectic, 104 
'■ Extruded metal rod, 602 
! I'lyeboLt, forging an, 6 t> 4 ; stamp- 
] ing an, 553 . c 


Eaotxo sand, in moulding, 253 
Vaggot or pile, for rolling, 46 
FaUe ooi’e, 263 ' . 

Fan, for blowing cupola, or smilh's 
Are, 3l7; tlturtowont, 332 
theory of (bo, 319 
“ I‘’aligue '"^riisistanc® nf iron and 
stool, ouiii])araiiyo, 59 
I'oediug gate, in moulding, 253' ' 

Forri‘..o, 169 

I'orro-mangnnese, 34, 80, 95 
Forro-silicoij, 95 

Fettling and clcMft*imgcd4,tiiigs, 844 
Fibre, of wrought iron, 43. 5$ 

Fir, Danxig, l75,; DougVus, 180; 
Scotcli, 176; white, or spruce, 
170 

Fiie^ siiiitli'K, 413 
Firebnoks, 186 * 
iriivolay, J86 

Flaiiiring, plate by hand, procoss 
of, 6U3 ; press, hydraulic., 604 
Flash point, of oils, 218; tJiuy’a 
apparatus foA 218 
Flasks or boxes.Jor iiioiildiiig, 250 
F) it(or«, smilh’s, 428 
Fluid-oouiprosscd s(«eJ, 96 
^'luid^^y, 5 

Flux, for blast furauoe, 16; for 
cupula, 317; for welding, 481 
Flywheel, moulding a, 288 
Foot hammer, or “ Oliver," 484 
'Forge, 44; airungonieiit of, 413; 
furnace for, 419; hammer, 461, 
520; valve gear for, 463, 52 L; 
train, or puddle Jfolls, 46 
Forging, a bent crank, 517; big 
ond strap for eonneotii^ rod, 
519 ; holt, 492 ; bosses on liKiks 
and levers, ^97; cock piece, 
494: oonneontig rod, 619, 644; 
d-op, or stamping, 547; double¬ 
throw oratikMiafi, 641; steam 
hammer for, 646; an eyebolt,. 
594; eye end for tie rod, 106; 
a forked end, 60(^; hand, simple 
examples of, 492 ; a hook, 6<^ ; 
hoop, 696 machine, 

444' Honf^l's bolt and nut>664; 
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evamplea of work by» 500; 
qperAtioDS in, olaftsi/ioAtion of, 
472 press, hydrauUo, advan> 
t»ges of, ‘526 5 typwi of, 527 ; 
604on rapid aotioQ, 635; 4,000- 
ton, ftt Messrs. Viokors' Works, 
^ Shofflel^ 635 i a elide valve 
bridle, 612; email ovanksiiuft, 
CIS 5 Bolidtyre.SOB; byetoinp- 
ing, examploe of, 549 ; a eteid 
'skaft, 535, 541; T end, m : 
tools used in, 422 ; under stnain 
liaminer, examples of, 4G3i 407, 
606 , * 
i*orgiDgs, hammered serap. 540; 
production o^ in iron nnrl stool, 
*644; uiai’Iiie oonueoliiig* rod, 
544; shaft, 541 
bounding, principles of, 237 
•'oiindry, ^rraii^pctncui of, 308; 
bradH>326: dlipoUi, 313 : iimi, 
3O0;^iadl«4, *typofl of, 341 ; 
uiixtureff, 354; rnttlor, or 
tumbling bari*eli 345; wnlov 
do., 345 

^om-part box, cxuniptee of neo of, 
287 

’racture, appriiariiuco of, 31 
I'receing point oui-voe for alloy, 
104, 105; oimpor-tin soriiw, 
103; ooppor-xitio, 149; iron* 
carbon aystom,«l 10 ; l^id-aiiti- 
iDony. 159; lead-tin, 15A; ifir 
salt Bolutioiie, lll3, 104; solid 
BolntionB, 105 ; for wntor, 102 
‘hioVe induction fiirnuMi, 08 
''notion drop Btam]>, 437 
iVtdinghani ^tocl Woi’ks, lOO-ton 
furnace at, 88 ^ 

htllers, Bmitli'e, 427 
I'lirnaoe, aro, Stassano^n, 07; 
annealing, 127; balling, or 
le-^eating, ^219; blast, IK; 
eoae-har^ning, 127; cementa- 
tioj, 01: oontinuouB-woiking 
iteel, Talbot'H, 86 ; crucible, for 
brass, 326 ; ori^pible for eteel, 
64; eleotirio, variolioe of, for 
ste^l inanufaeturo, 90; »for 
manufacture oi oarboriindum, 
196; lOTtfo, 419;, gas, Bray- 
*8baw’B, 331; for hardoJiing, 121; 
heatiM, for forge, 419 i induc- 
Vion, Frick’s, 98; puddling, 38 j 
rwneratlvQ, 76; re-hoating, 
419; resistonee, 98 j 


rdverberaiory, for copper uelt; 
ing, 131; salt batli, for tool ste^l, 

• 124; Bcrapheating,422; Siemeiis 
open-lioaitli ateol, 76; Xalbot's 
continuous etoel, 80 ; tilting- or 
rolling, for steel, 864 twin, for 
high speed steel, 125 • ^ 

Fusibility, inofliodB depending sn 
jjfojierly of, 237 • 

Fusible inotal, 169 


(lAcuiSK, 111 moulding, 260, 276 
(iuIvnniBcd iron. 140 
(lalvaiiwing, I4(l 
riaridy bolting, 233 
Ciangue, 16 
(i.tnister, 68 
(iHK engine oil, 224 
(iaB-rii*od crucible tumaco, Bray- 
shaw's, 331 

(las funiHW, 70, 121, 126, 331 
pnnlucnr, iuialysiH of, 93 
(iuH]ii'i>diicer, llilgur, 92j SicmeriB 
88; WilBou.flil 

Gatofl, iu moulding, 252 ; pouring, 
Hkimiriing, fooding, etc., 203 
(lunge, presHure, for fan or blower, 
324 

Goar moulding machine, 399 
ibTinun silver, 150 
(/lass, ci'own, dint and plate, 207; 
iiiauuracture of, 2(J7; sheet, 
21)8; tubing, 208 
Glaxed bricks, 186 
Grsdo of grinding wheelB, 199; 
grain of do., 198 

Grariiio, composition and uses of, 
184 ^ ♦ 

Gray's liaab-point appsratuB, 218 
Greenheart, 178 • 

Grtsen Band, core, 280; moulding, 
249 ^ 

(iTcy ca8t isoii, 31, 112 * • 

Griridi^ wlicels, altindiwn l97 1 
carborundum, 195^; chorivctor- 
isiics of, 197; cr^toloii, 1977 
ornery, 190; gfhde or hafdnfss 
of, 199; grade.scale of, 201; 
graiugOr fmenq^ oi|*1^8; 
of, ^;« tame ^of grain an 

f ade fur differedt purposei 
12; vitriftod, 200 
<anDdatonea,*189 
Grooves in rolls, forma <SP. 668 
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fxumiviiag of oilg, teat for, 214' Hoop, forging &» 606 
Guide tzun or bar mill. 4$ Hotnbeftm, 180 

Gntta Mroba, eollecluon and ueoa Hot blast, adTantages of, 
of, 2o6 atove, Cowper*8, 23 

* Hot saw, foriunithy, 467 « 

Hydraulic, forging press, 626, i 
iHaicnbk, drop, 437; foot, or Forging press; flanging prei 
OUtot,” 434;* friction drop, 604; l^theni, 230; mo\mii 

•or Btamn, 441; band, 4^2; machine, 3B8; packing, 23C 

lifter for drop, 438; motor* press, shape of cjiinder for, 244 

driTen flower, 441; moehanioai, t casting a cylinder for, 259 ; ic 

^ Blacker’s, parallel, 434; pneu- | dishing metal plafc(«, 605; fc 

matic, 449; power, 437 j sUing* j squirting lead pipe, 696 

ling, 42; sledge, 423; spring, { IlydromelOT, or densimeter, 212 
flaw's, 447 ; spring lever, 448 ; | Seaum6"s, 213 ' 
steam, 454; force of blow of, ; 

465; rating of, 467 ; Rigby • ^ 

type, 461; self-acting gear for, TwpunmES in iron, 33 
465 ; witli Utp steam, 464 Indentation test for hardneesj- 

Hammered scrap,forgiiigs, 540 I llrinefl's, 8 
Hand forging, simple exantples of, | Indianibber or ckoutohouo, 233; 

492 I collecting and dissolvttig, 234; 

Hand hammer, 422 I vnlcaiiismg, 2^5; boluog, 233 

Hand power, bei\ding tool, for ! Ingot stiippmg crane, 69 
smith, 478; welding machine, ! fuvar, 114 
Nicholson's, 482 1 Iron-best, beat ’best, and treble 

Hand press moulding machiue, or | bust, 43 

squeorer,** 373 | Iron, best Yorkshire, 43 

Hand sl^k ladle, for foundry, 341 | Iron, oast, 31, 238; mixture of. 
Hardening carbon Hteol, 123; j 364; variotinH of, 31; castings, 

high speed steel, 124; Bteel, > analysis of, 'for diflenmt pur- 

theory of. 126 ' poses.. 367; coiTugatod, 140; 

Hardness, definition, 7; of abra- ? Joimdiy, typical, 308; galvan- 
shre substances, table of, 108; i iscd, 140; Low Moor, manufuc- 
number, Brincirs, 8 ; order of, | ttirc of, 36; inorchant, 43 ; oi-es 

of oninmon metals, 11; scale of, j of, 15; pig, 31, sss Pig iron; 

Mohs',?; scales,oomparisnnof, | smelting nl, 16; 5^taff<^shire, 
1 1 ; ^thig machine, Ilrineirs, ; 43 ; wrought, production and 

8; i^hore’s sclorosuope, 10 ] properties of, 36 

Haiveyiscd steel, 116 ' 

Head, on casting, 259 

Hcar&, smith’s, 413 <Takrak, 179 

Heartwood, 1^3 I Joist and rail sections, rolling. 670, 

Heat, conduoiiyitj for, 5 j spe- j 573 ' 

iciAc, 4 ^ I ^’jQiDpflig up,” hi forgifiy, ex* 

‘Heat treatiuent of steel, 120 amples of, 472 

Hematite ore, red, 16 ; brown, 16 
'il^roult’s rasistmice furnace, 98 
Hickory, 179 ** Kahri, 170 

Hide, seotion of, 225 . Kauri pine, 176 

Hteh spedSTsteel, analysis of, 116; 

Earaening, 124; p*‘opefties of, * ' 

123 . ' Lantx, Bessemer, 69, 343; crane. 

Hones and oilgtones, 203 * 341 ;- foundiy, 341; hand 

Honeycombing, in castings, 348 shank, 341; self-skimming, 342 1 
Hook, forging a, 602 steel casting, 343 
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' .LM^weiu. Of avttxi lu luriruiei 4^2 

Luoh. 176 

7jBuie bed, moulding, 266 
tvead and antimony, alloya^f, ir>9; 
I (M^erin^ for ^^lecljic cables, 602 ; 

e ' bydr^uiic press for covering 
: cable 002; miilod, 141 ; 

* pipe, maniirac^ure of, 141, 
J 606; properties and uses of, 
; 141: i*ed,. 142; slieei, 141 ; 

emeltingof, U2 ; and tin, alloys 
i of, 1564 U'hlte, 142 
^jeatber beltuig, 227 ; cHromo, 
% 226; Lydruulio, •manufuoiuwi 
I of, 231); L'ftlV hide, 232 ; tanniiig 
■j » of, 226; ‘yariotiHS of, 227 ; 
f * \raah*, 231; wJiite, 227 • 
lioeds StcM)l NVorks, basic 
plaitt at, 74; method of rolling 
tram rail. 674 

fyOTcr, forging^, 467 ; stamping!; a 
two-lfrmod, 551; iiud loilor ior 
bondina, 476* 

Lift for blast furnace, 26 
Llftor lor drop hammer, 438 
Lignum vLt®, 178 « 

Jiimd, 01 Mndeti, 177 
Lime, bmiiiiig, 162; slaked, Lf)2 
Linieatotin, 1H9; magneHmii, inu 
Xiiiiiig for (joii^orter, Besseiiier, 
68 ; basic, 73 • 

Jjiquid shiinkaga in cimUiig, 236 
Imam boani, or »^rick]c, 274J ; <|pie, 
276; coiupusitiim of, 289, 
moulding,247,270,280; paltuvn, 
270, 290 

IjOW Moor Ironworks, plant at, 35, 
38, 50 

Lubricants, classification of, 210; 

testing, 212 ^ 

Lubricating oils, table of pruper- 
tics of, 224 


ACTIVE, oliarging, for open« 
hearth steel furnace, Wollmnn's, 
82 j core-making, 406; coining, 
6t0; dio oasting, 408 ; flanging. 
604; forging, llorsfairs, «654 ; 
Ryder's. 444;* moulding. 364, 
see Moulding luacbincB ; Bon- 
villain’s system 6f,* 379 ; diflU 
oulties in, 304; cxHinples of, 
367,370,373,376, 380,.3fl4; jar- 
ramtuiDg system of, 394; weld- 


Ilf^lgiiesinD, liineetone or dqlomitk 

\m 

«MagiieUo iron ore. 15 
Magnetic pro]jcrtuM'i 5 « 

Magnolui metals 161 ** 

Mmiogiiiiy, liujid^rns, 178; 

bp.'niisfi, 178 • - 

Malleability,*metaln in onlcr-oi, * 
•by hamiiieriug, 12 J>y rolling, It 
Mtdleable cast iron, j^7 
MaugauoMo, bi'miM''. 150; oifoctof, 
ill cast iron, 34; hi steel, 72,1 i6f 

shnd, lie •, 

Maiiganin, 150 

Maiinesmunn process for tuUo 
making, 593 I 

M.ipje, 180, 18! 

Marble. lilO 
Mnrtcnsite, 109 
Muteriuls, pnipcrtlcs of, 4 
MiH^lnuuoa) cliarging of Idast fur- 
jia(M7, 26; tciiting of oila. 218 
Medullary rays, 164 
Melting incliLlH, iimtli(u1s of, 311 
Molting poinis of mutuls, 13 
^f^nlol titiibiM’, 170 
Metal mixer, 79 

MoUl bull, 154; delta, 150; gun, 
154; AliintS', 140; spcOUUiiii, 
154; white, 100 
MeUllography, 108, 113 
MoLuIh, Tiiuliiijg, metUeds of. 311; 
inel ting point of, 13 ; pi oporliRs 
of, table of, 13 ; weight nf, 13 
Miorosuopio examiiiatioii of mot;ds, 
108 

Mill, cogging. 46, 94; plate, at 
Low Moor, 50 ; rolling. 44, 562; 
rororsing, 50, 067 ; train, 46 
.Mineral oils for lubricating pur*« 
puses, 222 * 

Minting, toggle if/ew for, fll9> 
Mixer, inebn, 70 ^ ^ 

Mixing by analysis for foundry 
work, ^6 • • 

Mixtiues, fniimlry, 354i( fol iron 
oiiaungs, 357; cnleuhition of, 3M 
Mora, 178 * ^ 

Motor-driven •power ifAniipor,' 
Masney’s, 441 

oust-iron,* 3i*,* 

UoulC' Virangement of, T6S;s 
ingot, for crucflflo^rast^iieei, 65 * 
•for Bessemer or SiemeAs steel; 

* 09, 80, 95; pot, in foundry* 

wnrlr. ftftT *• 
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Monl^er'a tooli^ 247 
Moulding bMk standard fnr varti' 
oal engine, 281; bell in loam, 
292* 393 ; BonviUain aystem of, 
379 i boxes* types oi, 2$0; ooab- - 
iron eolaivn* 274; obain wheel, 
202,270: ohill, examples of* 303; 
*'oiioh6*‘ process oi, 385; oylin- 
dor or pupp barrel* 265, 352’; 
examples o!, in boxes, 253; dry 
sand, 247’. 250; flanged oylindor 
to loam* 293; gas or water pipe 
,with loam pattern, 270; green 
sand, 249, 260; jar-ramining, 
method of, 394 ; latho bed* 266 ; 
large Ikjmisplierioal pan in loam, 
290; machine, variotioa of* 364 ; 

» box lifting typo, 365; hand 
press, 37s; nydratilie, 388; 
jar .ramming type, 394; pneu¬ 
matic, 376; reok-OTor drop, 
367; stripping plate, 371; tiim- 
ovoc table, 366; wheel or gear, 
399; pipes, pipe bends, etc., from 
loam pattwns, 270, 297 ; main 
easttog for steam pump, 277 ; 
opeii sa[id, 249; plate, 360 ; 
pulleys and rope wheels, 260, 
266, 269, 288 ; reverse, 285 ; 
steam cylinder to dry sand, 276 ; 
loam, 294 ; wheels by machino, 
399 

Multiple moulding, examples oi, 
397 

Muflhet steel, 116 
Munts metal, 149 


Naval brass, 15D 

«Nickel, alloys of, 156;-bronze, 160; 
properties &, 147 : smelting of, 
147; -steel, 114; -chrome steel, 
116 


Noblln, or puddled bloom, 42 
NortherD piiiB, 175, 181 
“ Numberib*^ oi pig iron, 32 
^t and bolt forging machine, 
^Horsfairs, 554; ex^ploa of 
wprk done by, '66i 


IoaX, 177* 180, 181'' 

Oils, anim&l, 224; chemical 
analysis of, 21^; flash-point of, 
218; gas engine, 224; gum- 
mtog <»• test vrtt 214; mineral* 


210,224; properties of, table^of* 
224; testing oi* 212 ; vegetal^e* 
SIO, 224; viscosity of, 211 
Oil bath for quenching steel, 124* 
129 . fc 

Oilstones* hones, etc., 203 , 

Oil testing machine, Thiirston^s, 
219 

" OiivDT,’’ or foot hammer, 434 
Open-hearth stoel process, 60, 76* 
85* 93 

Open sand uionlding* 

Operations in forgmg, classiflea- 
tiou of* 4’"? 

Ore, calciiiihg. 16* 131; copper* 
130; iron., 16 
OregoTrpine, 180 


Parttno sand,25? 
Pattern-making, woods used for, 
180 

Pattern plate, double, {fhfl rever¬ 
sible, 379 

Patterns, loam* 270; metal* 361; 
position in mould* 259; rapping, 
254; skeleton, 300; for marine 
engine cylinder, 302; for pipe 
bentls, 300 ; fgr steam turbine 
casing, 303 
Poarlite* 109 
Petrol, 2^ » 

Petroleum, 224 
Pewter. 158 

Phosphor broTiMi* 164; copper, 
155; tin* 165 

Phosphorus in cast iron, 34 ; in 
steel, 60,72; in wrought iron* 52 
Pipkling castings, 346 
yig b^* 27 

P^ iron, analysis of* for Bessemer 
process* 75 ; for basic prooess* 
75; typical* 33; ifrading of,.?! ; 
impurities to, 33 
Pile or faggot* for rolling, 42, 46 
Pine, Kauri, 176, 180, 181; noxr 
them* 175, 181 ; Oregon, 180; 
pitch* 176, 180, 181 ; ^llow, 
176^ 180, 181 

Pipe, moulding a* 270; bend* 
moulding a,^ 298* 300 ; copper, 
solid drawn, 589; electrically 
deposited, J37; gas, wrought 
iron* 680; lead, hydranlie prea& 
for “squirting,*' 596; steaiQi 
wrought iron, 689 
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in Ktoul in^foia, 96, 246 
PiwL pino, 176,180. 181 
Pito, aoakiiitf, for steo] iiigoU, 72, 
04 • 

Plasticity, 7 
Plato glOM, 207 

Plate !nil\,Low Moorlronwork^, 60 
'Plate moulding, oxainplea of, 66 o 
Platform for onai'ging cupola, 317 
Platinoid, 167 . 

Pluiubo^ l>laoking for motilils, 
254 » 

Piui»bor"s solder, 158 
Pnoumatio liammerp 440 | with, 
separalo pifnipr Mneaoy'd, 461 ; 

• moulding ilpicliiuo, 376 ; self' 

* acting vibrator fm*, 377 e 
Porous casiingfj, rctneilj for, 340 
Portable forgo, 417 

Porter fo» fnrgit^, 540 , 543 
Portland coniont, 103 ; Htuiio. 190 


I Prldeotilcc, Htcel for, 116 . 

■ Puadled bull, 42 ; bar, 44 ; .bltom 
i. or noblia, 42 

, Puddling, dry, 38 ;• wet,or pig* 
boiling, 38 ; «furtiaee, at xuw 
[ Moor, 39 ^ 

I Pitllev, moulding a, 260 , 23 % 28 & 
i Puuoucs, Htniflrs, 431 
PCiucbuig and driftii^ in forgings 
%xAmpk*fl of, 47 lff. teats for 
wrought iron, 65 * 


“Quautt Fiouhk” for iron and 
I eteel, table I., p. 117 


liA&DL£, for puddling, 41 
I Eail and ioiat sections, rolling, 
I 569,673 
I Kaiu'a litiru teat, 56 


Potitifould *' system of moulding, 
267 ’ 

Pouring gate or Dinner, in mould¬ 
ing, 262 

Pouring moltCTi-motal, lUl • 

PowAr liaiinucr, 437 ; drop, 437 ; 
Motion diiip, 441 ; parallel, 
436; pnonnialic, 449; spring, 

■ 445 , 

Power rainmicig moulding i 
Tnacluno. 371 , ^ | 

Pi-csa, bonding, or “ i 

560 ; tiaiigiiig. 604 ; hydraulic ! 
forging, 526. spe Forging press; : 
stamping aud drawing for shm^t 
metal, 603; loggia drawing, | 
Taylor and Cliallen^s, 612; | 
examples of work done by, 617 ; I 
coining and eiiiboS’<ing, 310 
Pressure gauge for fan or blower, I 
324 I 

Pressure of aw, for blast fumace, i 
2o; for ^Jesnomor converter, | 
70^ for cupola, 333 | 

Pjoasure plate for drawing press, 
307 . I 

Priats, c6re, 257 * 

Proocas of steel making, &oi% 30, 
33, 73 i basic, 30, 72; Besse¬ 
mer, 60, 30, 72 ; cemeutatloii, 

* 60,31 ; open-lioarfii^OO, 76 ; Sie- 
rooQB, 30, 76; T4iomaa-Gil-| 
' • Christ, 60, 72; Talbot eon- 
timtOQS, 86; Stock’s, 335 
PrAdnew gas, analysis of, 93 


I Kupping patterns in sand, 264; 

' rajiping plates, 254 
i Eating of stoum UnmmcT, 457 
llattler or tumbling burrol, for 
foundry, 345; water do., 346 
Kaw hide leathor, 232 
Eeoalcseencc, 121 
llu'CarburiHaiion, 71, 75 
Hod liaidnosa, of high speed stool, 
123 

Eed lead or mijiiuin, 142 
Hod sliortiiOBs, in wi'ouglit iron or 
steel, 52 

liodwood, 175, 180, 181 
Kedwnod's viseusiiueter, 215 
Ite entrant angles, in ciMtiug-i, 244 
Ecflnery at Low Moor Ironworks, 
35 

Eoftning cast iron, 36 * 

Regenerative furnsioe; Siemens, 70 
Eegenorators, hot blaet stove,^d; 

Biemeos furtiao^ 76, 70 
Roiiiforcod uonorete, ^4 
Remeltm;]^ cost iron, risult of,^64 
Rosis^noe furnace, ifcroult’d dee- 
tridrOO 

EoverM moulding, 285 ^ 

Reversible pattern plate of 

moulding, 379, 383; ^'cliohd*’ 
pro<»BS, 385 * >*,• 

Reveilmg goltiog mill, 60, bOT” • 
Reversing valve,* butle^fly, lor, 
Siemens fumae^ 79 
Tligby typf of steam bammori* 
461 
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RueTi^ ill mr>tildiiig, 252 
Rlvetii, toi»t8 foT, ^ 

Kook- over dror> luould iuj;^ muchitio, 
3^7 

RoNmg, prodiictibn ol parte by, 
663 ; 662 ; Tcveiein^. 6^> 

667 ; 50 ; enoiloa bare, 

570; miH ongiiiOM, 60 
Kolia, actioE of, 562; lor atif'b, 
too and bLontitil aoctioiie, 670; 
oi^ginji^, 45,64 ; chilled, metliod 
,01 aeatiiig, 306; fiiibiliitig, 46, 
47 ; form of gioovce hi, 668 ; 
puddle, 45; for flanged ntila 
and JoMteeofioiiA, 660,670,673; 
rouglimu. 46, 47; train of, 564; 
^>wo-higli, 664; thiuo-liigh, 667; 
for train ralJe, 574 
Root'a blowiT, 322, 418 
Kope ptillcy, moulding a, 266, 288 
BubbCT, 233, vee Imllanihber 
Riinher or pouring gate, in mould* 
ijig, 262 


Sanp, for monldiug, propcrtlea of, 
246; dry-, 247, 253; gi-oim-, 
247, 340 i facing-, 253; parting-, 
253: open-, 249 
Sandetoiic, 188, 10) 

Sapwood, 163 
Saw, hot, for emitliy, 467 
Scaba, in caattnea, 347 
Scarf or lap weld, 483, 485 
f; Solerometor, 8 
^teroeco]ic, 10 

Sotap katninei'ed, for aliAfte, 340 
^rap*lieating furnace, 422 
* Sotap' iron, uo of in foundry, 354, 
306 

Scroll bonding, 477 
''‘fie^on bale, ki^^ging, 47, 571; 

, -flhiebing, 47, 570 ; rolling, 40; 
< ^rdlje for, '589 

Segregatid^ in ateol ingota, r3; in 
c^oye, 107 , 

. Self-acting gear f(j[r etoain hcmmer, 

Self^mmiiu ladle, 343 
*' Bhaia, amail’^aulu, ibrgiog a, 515 
''Shftftweld„4W* 

Aafte, ate^, losing, 541 
•^eet g^ASB, 307 

^eet feo^ 141; -tin, w tin plate, 
eino, 140 


I Sheet piling, method of rolfhig, 
674 ^ 

Shingling liaiumor, 42, 46 
Shrink holes, in caatingH, 352 
, Slirinkii^, liquid, in ocHtin^ 338 
“ Shutting ” or welding, 481 
Side-blown con verier, 33d 
Sioniena process, 60, 76 
Siuruene-UHiiiii process, 60 
Silicon, in oaut irvii, 34, 355; 
broUM, 158 

Silver grain, 164 ^ 

Single cyo, forging a, 465 
SiiiK head, in eaatin;% 250, 353 
Skeleton mttenie (or niaiiiie ea* 
giiie cylinderM, 3i'2 ; pipe bend, 
300^; etoam turbine oaahig, 3Ui2 
Slag, bloat funiaco, 15, 29; dia- 
poeal of, 20 ; puddling furnace, 
42; mill furnace, 46; pit, 

I Siemens furnac^, 82; bdsic 
I llosaemor, 75 . 

; Slakfvl lime, 102 
I Slat<v 187; eiiainelled, 188^ 

I Slodgo Itamtner, 422 
Sinoiting, (inpiiei,' 130; iron, 16; 

lead, 142; tin, 139; sine, J41 
Smithing, angle, 512 
Smitliy, or aaiith’s eliop, art&ngo-. 
men! of, 413 

■ Smith's hcartii or fire, blower for, 
418; biLck-b'iiU, 414; Coat 
kon, 4l6 ; portable, 417; down 
draught, 41G 

Smitli^H toola, ohUels, 425 ; flatters 
and fullers, 427; hammers, 422; 
pundies and diifU, 43t; swages, 
428; tongs, 433 
;^S<»aking pit, 72, 64 
I'‘Soil pipe, lead, press lor making, 

I 091 

I Solid drawn tubes, mannfactuxe of 
680 ’ ► 
Solutions, freezing of, 103 1 solid, 
102 

Spatliic iron ore. 16 o 

Specific gravity ,^4; epecifleheat, 4 
Speoulum moW/ 164 
I Spelfer, 140 
I Spiegehiisen, 34/90 
I Split or fork 489 ^ 

Spongy castings, cause of, 349 
Spring, or Thaw's power hammer, 
445,447 1 spring lever hammcff: 
446 

Sprues, m paatiog, 250, 252 
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Ua j»xpriling 46 
/tuuc pipOi hydraolie 

^6M ior» 696 

-•orddiire blue briokst IM; 
^ . 

Jtea. b<x^> 441; frioUon drop^ 
76; 4team, 466 
^ping or drop, forging, 647; 
fUeei t&i of» for draw b&r hooks, 
664; for eogineer’s spanners, 
649; examples of, 649 
ampingaiid drawing sheet metal, 
606; tc^lo press for, 612 
issano eieotrio arc fUmace, 97 
earn oylindw, moulding in dry 
sand, 276; ’^argc, moulding in 
loam. 294 • 

earn hammer, 454; loroeofblow 
of, 465 ; forgo type, 629 ; ferg< 
ing under, o^facnplee of, 407,6i)&, 
508, 617. 5*1, D44; tooU for, 
489 y rating of, 457; liigby 
ty^, Ml; gear for, 

466 ; top stoam working. 454 
earn stamp, Enflold pattern, 
466 * . 


jneY, aoid, 68 ; basic. 73; Be^sC' 
mW. 6G, 60; blister, 63 ; can* 
bon. 57; narbunising, or ooeC' 
hardening, 127; citings, an^ 
nealing, 127. 3*3; examples of, 
349; eastingl^le, 343^ eomt^n- 
tation, 60, 01; ohromt^, U4; 
nickel', 115; vauadlum-, U5; 
classification of, ,59; composi' 
tion of, lOS ; enioibla oast, 64; 
definition of, 57; furoaro, 04, 
76, 85, $ee Furnace ; hard, 57 ; 
hardening of. 121; heat treat* 
ment of. 120; high speed todl^ 
116, 123; inan^nese. 116; 
medium, 57 ; mild, 57; Slushet, 
116; niokeb lU; plates and 
bAa. roUinf, 94; shafts, forging, 
536, 641; shear, single and 
Rouble, 63; Siemens open- 
dearth, 60, 76: Siemens^Mar- 
tiu, 60‘; tempdf or carbon con¬ 
tent of, 120 ; tempering. 122 ; 
Thomas, 60,72^ ttujgsten-, ii6; 
Vniitwortli fluid - compressed* 
96; works p]aitt,| basic or 
. Thomas ■ Gitenrist, Cr2 : Bes* 
■semer, 66; cementatiion, 61; 
oon^uous, 80; Sieinehs. 76 
Ms, alloy, 114 


H'T, • 


Btefn dnbe, lignum Tit»’ terlnf 
for, 178 ' ‘ V 

BtcMk oonrerter, for steel oaslandSr 
336 » 

Stone, classifloation of, V04; 
varieties and usee of,l 84; dura- 
btlity of, 182; hardness of^lgS: 
strength of,* 183 ; table of pre^ ' 
^rties of, 191; weight ,ofp 
T«4 *1 

Stoneware, 186 * 

Stove, hot blast, Cowper's, 23* « 

Strain, 6 

Strap for big end of locomotive 
eouneeting rod, forgiub 519 
Stress, 6 ^ 

Btrickting or striking bo;;^. 270, 
285; a pattern in loam, 
motiid for fly wheel or pulley 
rim, 288 

“ Strip ” of patterns, 264, 371. 
Btrippingplate nionlding machine, 
385. 370; Boiivillain's system, 
361 

Stud wold, 490 
Stiirtovaut fan, 322 
Sulphur, in oast iron, 34, 355 ; iu 
wrou^t iron. 52 ; in steel, 72, 
82 

Supports for ooros, 258 
Swage block, 429 
Swogeii), smith's, 426 
Sweeping up.'* dvdied cover in 
groon sand, 285; rim of fly 
wheel or ropo pulley, 268 
Switchboards, marble lor, 192 
slate for, 188 
Syoamore, 180 


Tablk, bondiug,^^ smithwork, 
476.608 • 

Talbot’s cotiUnuo^-working , 

furnace, 86 

Tanning leather, 226 ^ 

Tapping nole, of blast fi^mace, 17, 
27 roi^ola, 313, 315 
Taylor-White high speed tool ete# 

lie* • *• • • 

Teak, 177, 160,181 
' Temper, or carborf OMteutof ateet, 
12V. , • ■ • N. 

Tempertog carbohHteel, 129,124 
colour scale for^22 
*rdnBile stieas, 6 * 

Testa, comparative, oC«iroa add 
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tablfi opposite p.‘ 117: 
«oid bendiDf, 55 j drifting. 56; 
fox;^, for rolled aMtioiis» 56 p 
h 5 rdx;j 8 e, 8 ; ramV bom, 55; 
for rivets. 56; Tbratoel. 59; for' 
wrou^t i'on, 66 
Textiie Dotting, 232 , 

Tbortoite welding, 1^5 
'rhtirston’s ^U'teating maddne, 
219 I 

Tilting oruolblti fomaoe, 329 
TUting or rolliiig fornaeo for stenl. 

.TalDot's, 86 

Timber, olaMsUloation and varlelica 
of. 175'; couvoroion. und market 
forms •>f> 160 ; defects in, 171; 
lelling and seasoning, 167; 
preaurvfttioii of, 174 ; proporties 
and uses of, 162 ; shrinkage of, 
166 i table of uses of, for dif¬ 
ferent purpckses, 180; table of 
ultimate strength and weight of, 
181 

Tin. and antinionj, alloys of, 
158; and ooppor, 152; and 
lead, I5H; properties of, 139; 
smelting of, 139; plate, or sheet 
tin, 140 

Tinner's solder, 158 
Toggle press, for coirung and om- 
boMsiiig, 619; for drawing slicet 
metal, 612; dies for, 609; ox^ 
amples of work done by, 617 
Tongs, cTuoible, 329; smith's, 
Taiietios of, 433 

Tools. Riou]dQr6\ 247; smith's, 
422; steam hammer, 468 
Tram rails, rolling, at Leeds Steel 
Works, 574 

Tube., butt,,welded, 5B9; oleo- 
trieaUy-doposioed copper, 137; 

*' risks, 208; lap-welued, 589; 

^ Maonosmaiin seamless rolled, 
593; solid drawn, 589, .’190; 
woldless Mtoel, 591 
Tambling* barrel or rattl^'x for 
j_found^, 346 

'Iwggten-bi'OiiEe, 157 ; -Btral. 116 
Tuu-dvrr board, in moulding, 
253; table n)<^uldu]g maohinc, 
g;6R ' • 

^yercB, blast fpmaee, ^1; rieMsc. 

. roer coiiveiier, 66.71; cupola, 

' 313: Biuith’i^ iteaifh, 414, 4k0, 

417 , y 

Type peui, 169 


UpSArtnro or '*iuinping<up’'^ 
forging, examnfes m, 472 • 

Uralite, 207 


a 

V W£li> Or splioe, 499 
Valve gear for stem hammer, 49: 
521 

Valve oil, 223 ^ 

y&aadiuRi steel, table of property 
of, 118, 119 

VariettoB, of oast iron^- St; i 
loather. 227; of steel, 59; < 
Btoue, 182 \ of tio^ber, 162 ; c 
wrought iron, 43 
Vegetable oils, 210,.224 
Vontin{{ moulds, 261, 271, 275 
fomutry lloor, 247, 285 ' 
Vibrator for pneumatic mouldin 
machine, 377 

VisooBLiuotor, KcdtAiod’s, 215 
Viscositjr at oils, 311, 215 
VnloaniHiiig, 235 
Vulcanite, 235 

Walnut, 180, 181 
Warpliig, of oustings, 246. 242 ; o 
tii»b<jr, 1G6 

WsBliloather, 231 
Water rattler, foi foiindry, 345 
Wold, in^ungle or tcu iron, 48f 
6’3;«'butt, 489; lap or scaH 
465; shaft, 49U; V or splicc 
489 

Woldod joint, foims of, 482 
strength of, 480 

Welding or “shutting,'* 481 
^^hain, 485; Inuit, 48 i; luachiu 
‘“hand power, 482 
Weldkwj sloel tubes, 591 
Wollmati’s cliATging machine fo 
0]u4;-heaTlh fiiiitaoc, 82 
Wheel moulding inaohino, fo 
bevel 464; pvineipKi ot 
399; ♦toor type, 462 j fa 
helical and worm gear, 40(r 
table type, 4U3 

Whi^e, bruBB, ParHon% 160; oaa 
iron, 31, ^3, 6 t or deal 

176; lead, 142; leather, 231 
metat allr^, 158; wood) Ameii 
can, 177(180 

Whitworth flnid-conipressed steel 
P6 ' 

Wilson gas producer, 89 
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* Wiping " n joint in iond pipe, 158 
n^.dr«wuig» notion of, 676; 
oootinaonn or multiple macMne 
ior, 664 i xDAohine, Creseloy^g, 
6^; Glorer'a, 584; dies for, 
9io i epeed of» 578 
(VotfUte, or ooufling bozee for 
rolie, 580 

Woods, 162, see limber: for pat¬ 
tern making, 180; used by 
engineers, >80 

tVrou^l^ icon, anakysU of, 56; 
brands 13; Obirbon in, 52; 


defeets in, 52; :<,6bre« of, 
prol^rties of, 52; mw^xMepin 
of, at Moor, 36 ; Stafford' 
* siiire, 43: tests ifpr, 65 ' 


Yellow pine, 176,160, 181 
York stone, ISO, 10)1 


Zinc, alloys of, 148,.,)60: pro 
perties and uses pf. 140; smc^ 
mg of, 140 : -wliitr-, 140 ' ^ 









